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EXECUTIVE SUMMARY 
This is the biennium report for the 1984-1986 Commonwealth's Chesapeake 
Bay Initiatives for Research. Fundin~1 thereby directed to the Virginia 
Institute of Marine Science allowed augmentation of the Institute's directed 
research program which is devoted to the conservation and preservation of 
the living marine resources of the Commonwealth. Specifically, the funds 
were directed towards three program areas: 
1) Biological and River Circulation Studies for Revitalization of the 
James River Seed Oyster Beds; 
2) Environmental Factors Controlling Critical Finfish Populations; and 
3) Chemical Poisons in Virginia's Tidal Waters. 
Impetus for proposing the above program areas was derived from 1) the Joint 
Legislative Audit and Review Committeei's (JLARC) report on Virginia 
Fisheries (House Document No. 2, 1984)1; 2) Senate Bill No. 167 of the 1984 
Session; and 3) the discovery of very high concentrations of toxic organic 
compounds in the Elizabeth River. In addition to the above-noted program 
areas, this volume describes our progress on the two additional initiatives 
funded by the General Assembly: 
4) Submerged Aquatic Vegetation; and 
5) Oyster Hatchery and Remote Setting Operations. 
For programming purposes the five! programs have been segregated into 
nine discrete projects. Each project report covers the principal findings 
and relevance to management of resources and the description of continuing 
effort. Where appropriate, technical summaries are included. 
This summary highlights the principal accomplishments and findings of 
the projects, which include: 
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- An evaluation of the genetic composition of the James River brood 
stocks which occur within a strong salinity gradient. Each 
subpopulation is genetically distinct from one another but not 
unique. At each of the locations selective forces are winnowing 
the total gene pool to conform to local conditions. It is likely 
that much of natural spat mortality, at times reaching the 90% 
level, is due to conformancE! to the local environmental 
conditions. Thus, it could be expected that spat derived from 
local brood stocks would have the greatest likelihood for 
survival. These findings have implications for hatchery systems 
as well. Hatchery systems c:an utilize brood stocks that are 
genetically compatible to subsequent grow out locations. 
- Spatfall monitoring was continued during 1984 and 1985. A 
relatively high level of set was observed in 1985. This 
enhancement may have been due to stable salinity and temperature 
regimes throughout the summ1~r and early fall. 
- The sex ratios and gonad condition of James River oysters were 
examined to determine wheth1~r production may have been limited due 
to an imbalance of the sexes or poor gonad condition. Archived 
collections obtained between 1960 and 1985 were examined. No 
statistically significant correlations were found between sex 
ratios or gonad condition and oyster spatfall in the James River. 
- Knowledge of the seasonality and relative density of fouling 
organisms on planted clean cultch is important to replenishment 
programs. Field studies of clean shell plantings made between 
late spring and early summer indicate that by mid-August 
approximately 60% of the shell surface is covered by fouling. 
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Endolithic algae occur throughout the seed oyster bed region. It 
was suspected that these aluae may influence the magnitude of 
larval settlement on the shell or post settlement survival. 
However, statistical analyses suggest that the algae do not 
influence settlement. The presence of the algae may, in fact, 
enhance post settlement survival. 
Both mud crabs and flatworms have been determined to be serious 
predators on oyster spat. Wh 'il e protection of oysters on natura 1 
reefs is not feasible, our results have important applications to 
hatchery spawned and reared oyster spat. 
- Our studies of the water movements in the James River have 
significantly advanced our understanding of the circulation as it 
relates to the transport of oyster larvae. In the aggregate our 
findings disclose a large counterclockwise net motion between 
Wreck Shoal near the Warwick River and Sewall's Point in Hampton 
Roads. Larvae spawned at Wreck Shoal thus experience a net 
movement downriver on the shallow, southern side of the estuary 
and a net movement upriver on the northern side, and within the 
deeper channel. 
- In addition to the above noted horizontal circulation, the studies 
document an important mechanism whereby surface waters are 
injected into depths exceeding 20 feet. This process occurs 
during flood tides as water masses converge in the vicinity of 
Newport News Point. Oyster larvae distributed throughout the 
water column downriver of the convergence were observed to be 
passively injected into deeper waters which have a net upriver 
movement. Thus, the convergence process is an important link in 
the oyster larvae transport system. 
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- Hydraulic model dye dispersion tests and historical condition 
indices were used to evaluate the likely contribution from the 
various oyster beds to the total seed production prior to the 
onset of MSX. The two most important contributors appear to have 
been the Wreck Shoal-Point c1f Shoals area and Hampton Flats. 
Since 1960 the Hampton Flats populations have died due to MSX. 
- Study of the sedimentation processes on the Wreck Shoal-Point of 
Shoa 1 s area's disc 1 osed that significant reduction of the oyster 
reefs elevation has occurred due to harvesting pressure. 
Continued reduction in reef elevation is projected to lead to an 
increase in s i 1 tat ion and rE!duct ion of oyster production. She 11 
replenishment should be utilized to maintain the reefs since the 
current "cull law" is insufficient. 
- Passage of commercial vessels over Wreck Shoal is producing scars 
due to propeller wash, churning several acr~s of the oyster rocks. 
- Field examination of effects of chlorinated sewage discharges on 
oyster setting and spat survival in the lower James River does not 
indicate any effect of proximity to the discharge point. These 
data may support a reexamination of the planned management changes 
for chlorinated sewage into large receiving water bodies where 
dilution rates are high. 
- An updated predictive model for recruitment of Atlantic croaker 
produced accurate predictions for 1983, 1984 and 1985. Similar 
modelling framework, utilizing meteorological variables, is being 
developed for summer flounder and spot. 
- A generalized distribution chart of summer flounder in the Middle 
Atlantic Bight by season and life stage has been compiled. A 
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conceptual l i fe hi story modE! 1 of summer flounder has been 
developed from the distribution information. 
Despite a shortened striped bass spawning season in 1985 on the 
Pamunkey River, egg productiion was high. Efforts to estimate egg 
vitality in 1986 generally failed due to the unavailability of 
eggs. The effort to date suggests catches of eggs may be a 
reliable means to assess stock size, especially during periods of 
low stock abundance and restricted landings. 
- Four species of resident Pamunkey River fish larvae were 
identified, for the first time, as potential predators of striped 
bass larvae. These results may have important implications to 
models describing recruitment. 
- Tracing the fate and effect of polynuclear aromatic hydrocarbons 
(PAH) on marine fish has be1m significant through development of 
analytical techniques. This development provides the Commonwealth 
with a unique capability. 
- Given the new, but required:, capability, a study has been 
initiated on the bile of fish to trace the fate of the parent PAH 
compounds as they are metabo l ·i zed into more toxic compounds. 
- Examination of fish and crabs from the Chesapeake Bay and 
tributaries for chlorinated hydrocarbons indicated generally 
moderate levels. However, some samples of bluefish and grey trout 
taken in 1985 exceeded two parts per million. 
- Over 15 acres of eelgrass WE~re transplanted into 11 sites in four 
river systems during the fall of 1985. Survival rates of the 
individual transplants as of June 1986 ranged from 10 to 75%. 
Growth at some locations has been very encouraging. 
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- A computer simulation model has been developed to provide a method 
for evaluating the effects of variable water quality on eelgrass 
growth and long-term survival and to serve as a tool for 
organizing further research efforts. 
- A commercial scale oyster hatchery has been established at VIMS. 
Production of eyed larvae for remote setting by oystermen has been 
successfully implemented. 
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PROJECT I 
James River Seed Oyster Beds: Biological Studies 
Introduction 
The James River seed oyster beds are the cornerstone of the oyster 
industry in Virginia, providing seed oysters for transplanting and grow out 
throughout Virginia. The gradual decline of the Virginia oyster resource 
has focused attention on the need for greater understanding of the factors 
controlling recruitment of oyster larvae into the seed bed area and their 
subsequent survival. During the 1984-1986 biennium a series of interrelated 
subprojects have examined specific questions related to oyster settlement 
and survival. For clarity each subproject is summarized individually; 
however, the reader is requested to consider both the project and management 
recommendations described in each summary as part of a coherent effort. For 
brevity we have condensed the highlights of each subproject to a short text. 
Each text is followed by appropriate data summaries for the reader's 
information. 
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Subproject IA~ Oyster Brood Stocks in the James River. 
Project Description 
For improved management of James R·iver oyster seed beds it will be 
important to know whether the James River oysters are one homogenous 
population or a series of genetically distinct populations. Because the 
James River encompasses a strong environmental gradient, the possibility 
exists that several distinct populations are present. The selective forces 
maintaining such populations influence larval production, growth rates, 
mortalities, and the overall quality of individual oysters. 
Objectives 
The genetic structure of oysters has been examined at locations along 
the James River. Gene (allele) frequencies have been used to characterize 
each subpopulation and determine if genetic differences occur among 
subpopulations. 
Approach 
Oysters have been examined at three major oyster rocks along the James 
River - Nansemond Ridge, Wreck Shoal and Horsehead. At each location gene 
frequencies have been determined for nine biochemical markers (enzymes). 
The enzymes that were examined have been linked to aspects of growth, 
metabolic fitness and/or environmental pressures. To determine if genetic 
patterns in James River oysters are unique or universal, the genetic 
structure of Rappahannock River oysters has also been examined. The gene 
frequency data was statistically examined in fine detail for evaluation of 
differences within and among locations. 
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Findings 
Adult oysters have been examined from all three locations in the James 
River and two locations in the Rappahannock River. In the James River, each 
of the subpopulations is genetically distinct from one another but not 
genetically unique. At each of the locations selective forces are winnowing 
the total gene pool to conform to local conditions. The two populations 
examined from the Rappahannock River are also distinct from one another and 
show the same patterns as in the James River. It appears that any single 
brood stock would have to be extremely large and genetically heterogeneous 
to supply spat along the James River. 
Relevance to Management of Resources 
Natural spat mortalities are, at times, at the 90% level, and it is 
likely that much of this is caused by the winnowing effect discussed above. 
By observing the genetic fidelity of oysters to their particular 
environment/habitat type, it is very like·ly that mortalities of transplanted 
oysters and hatchery-reared spat can be reduced and the growth and quality 
of oysters can be improved. Hatchery systems can produce oyster spat that 
are genetically compatible to subsequent grow out locations, and natural 
spat can be transplanted to genetically favorable areas. Brood stocks 
should be selected on the basis of their genetic composition relative to the 
areas targeted for spatfall. 
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Subproject IA 
Technical Summary 
The genetic structure of apparent disease resistant oysters from 
Mobjack Bay will be examined using the same techniques. Oyster spat in the 
James River will be examined to confirm and assess the impact of the genetic 
winnowing hypothesis on successful recruitment. 
The allele frequencies for each gene locus at all populations examined 
are given in Table IA.I. Each gene locus has been given a label that 
corresponds to the enzyme it produces (e.g., Lap-I abbreviates leucine amino 
peptidase-I). All but rare alleles are shared by every population and each 
locus is polymorphic, containing more than one allele, using the 95% 
criterion. The loci Lap-2 and Pgm-3 are the most polymorphic, each 
containing up to six alleles (A - F). Because of the low frequencies of 
rare alleles, their presence or absence does not strongly differentiate 
populations. For example, some populations contain the rare allele "D" at 
the Pgi locus, but the frequency of this allele is very low when compared to 
the more common "B" and "C" alleles. The Ap-3 locus was not scored for the 
NAN population. 
A Chi-square analysis of heterogeneity among populations is given in 
Table IA.2, significant differences are considered to occur at the P<0.05 
level. Comparisons among all populations (Table IA.2a) reveal significant 
differences at every loci except the Pgi locus. Comparisons within rivers 
(Table IA.2b) reveal that the James River is the most heterogeneous, all 
loci show significant differences except Pgi and Pgm-3. Populations 
examined from the Rappahannock River are less heterogeneous; only four loci 
show significant differences. The two populations from the Tred Avon River 
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Table IA. I. Allele frequencies at each locus for each population investigated (N=sample size). The James River populations are Nansemond Ridge (NAN), Wreck Shoal (WSH) and Horsehead (HHD). Rappahannock River 
populations are Bowlers Rock (RBR) and Corrotoman Ridge (RCN); and, 
Tred Avon River populations are adults (TRB) and set (TRC). Locus 
abbreviations are Lap-1 for leucine amino peptidase-I, Lap-2 for 
leucine amino peptidase-2, Pgm-1 for phosphoglucose mutase-1, Pgm-3 
for phosphoglucose mutase-3, Pgi for phosphoglucose isomerase, Adh 
for alanopine dehydrogenase, Sdh for strombine dehydrogenase, Ap-1 
for aminopeptidase-1 and Ap-3 for aminopeptidase-3. 
------------------------------------------··--------------------POPULATION 
------------------------------------------------------LOCUS NAN WSH HHD RBR RCN TRB TRC 
-----------------------------------------·---------------------
Lap-1 (N) 221 157 223 132 102 116 49 
A 0.095 0.108 0.117 0.091 0.083 0.082 0.143 
B 0.729 0.726 0.626 0.697 0.686 0.741 0.622 
C 0.172 0.159 0.235 0.212 0.225 0.168 0.235 
D 0.005 0.006 0.022 0.000 0.005 0.009 0.000 
Lap-2 (N) 130 133 124 121 78 113 48 
A 0.008 0.000 0.012 0.012 0.006 0.053 0.094 
B 0.092 0.034 0.036 0.087 0.109 0.212 0.135 
C 0.392 0.429 0.585 0.550 0.519 0.385 0.542 
D 0.277 0.297 0.262 0.240 0.250 0.279 0.187 
E 0.212 0.218 0.101 0.099 0. 115 0.066 0.031 
F 0.019 0.023 0.004 0.012 0.000 0.004 0.010 
Pgm-1 
(N) 130 156 94 135 58 69 19 
A 0.150 0.157 0.154 0.204 0.353 0.123 0.079 
B 0.681 0.750 0.734 0.685 0.543 0.754 0.789 
C 0.142 0.087 0.101 0.104 0.103 0.109 0.132 
D 0.027 0.006 0.011 0.007 0.000 0.014 0.000 
Pgm-3 (N) 221 157 176 144 115 101 48 
A 0.025 0.035 0.026 0.024 0.083 0.020 0.052 
B 0.215 0.188 0.276 0.240 0.222 0.178 0.125 
C 0.620 0.650 0.625 0.646 0.570 0.520 0.521 
D 0.111 0.099 0.057 0.083 0.113 0.228 0.250 
E 0.027 0.025 0.017 0.007 0.013 0.054 0.052 
F 0.002 0.003 0.000 0.000 0.000 0.000 0.000 
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Table lA.1. Continued. 
---------------------------------------------------------------POPULATION 
------------------------------------------------------LOCUS NAN WSH HHD RBR RCN TRB TRC 
----------------------------------------·----------------------Pgi 
(N) 221 157 149 143 103 116 49 
A 0.027 0.041 0.037 0.045 0.044 0.047 0.020 
B 0.624 0.650 0.688 0.678 0.636 0.720 0.694 
C 0.335 0.303 0.275 0.266 0.311 0.220 0.276 
D 0.014 0.006 0.000 0.010 0.010 0.013 0.010 
Adh 
(N) 147 157 157 144 101 103 46 
A 0.034 0.006 0.010 0.000 0.000 0.000 0.000 
B 0.459 0.347 0.455 0.247 0.356 0.359 0.337 
C 0.337 0.439 0.341 0.455 0.426 0.364 0.478 
D 0.170 0.204 0.194 0.257 0.218 0.248 0.152 
E 0.000 0.003 0.000 0.042 0.000 0.029 0.033 
Sdh (N) 145 157 . 158 143 99 104 44 
A 0.062 0.092 0.089 0.115 0.096 0.034 0.011 
B 0.338 0.471 0.475 0.423 0.505 0.385 0.466 
C 0.372 0.350 0.351 0.388 0.308 0.413 0.375 
D 0.197 0.086 0.085 0.066 0.091 0.144 0.136 
E 0.031 0.000 0.000 0.007 0.000 0.024 0.011 
Ap-1 
(N) 99 156 144 138 98 115 47 
A 0.303 0.375 0.267 0.380 0.408 0.322 0.351 
B 0.348 0.199 0.319 0.330 0.235 0.200 0.255 
C 0.343 0.426 0.403 0.290 0.357 0.478 0.394 
D 0.005 0.000 0.010 0.000 0.000 0.000 0.000 
Ap-3 
(N) 0 53 107 132 87 115 47 
A 0.170 0.154 0.087 0.195 0.074 0.160 
B 0.632 0.687 0.723 0.621 0.743 0.606 
C 0.198 0.159 0.189 0.184 0.183 0.234 
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Table IA.2. Chi-square values and associated P-values for the analysis of 
heterogeneity of alleles among populations. Locus 
abbreviations are as in Table I. An* indicates significant 
difference at that locus. 
IA.2a. All populations. 
LOCUS 
*Lap-I 
*Lap-2 
Pgi 
*Pgm-1 
*Pgm-3 
*Adh 
*Sdh 
*Ap-1 
*Ap-3 
(TOTALS) 
ALLELES 
5 
7 
5 
5 
6 
6 
5 
5 
4 
CHI-SQUARE 
42.094 
185. 271 
26.057 
63.399 
110.268 
120.164 
90.557 
60.820 
44.853 
743.483 
D.F. 
24 
36 
24 
24 
30 
30 
24 
24 
18 
234 
p 
0.01260 
0.00000 
0.35029 
0.00002 
0.00000 
0.00000 
0.00000 
0.00005 
0.00044 
0.000000 
--------------------------------------------- -----------------------------
IA.2b. Within river comparisons. 
Rappahannock River 
LOCUS 
Lap-I 
Lap-2 
Pgi 
*Pgm-1 
*Pgm-3 
*Adh 
Sdh 
Ap-1 
*Ap-3 
(TOTALS) 
Tred Avon River 
ALLELES 
4 
6 
4 
4 
5 
4 
5 
3 
3 
CHI-SQUARE 
1.483 
3.202 
1.192 
10.724 
11. 714 
14.313 
6.543 
5.423 
11.089 
65.683 
D.F. 
3 
5 
3 
3 
4 
3 
4 
2 
2 
29 
p 
0.68621 
0.66886 
0.75500 
0.01331 
0.01961 
0.00251 
0.16210 
0.06645 
0.00391 
0.000012 
------~--------------------------------------------------------------------LOCUS ALLELES CHI-SQUARE D.F. p 
Lap-I 4 6.412 3 0.09322 
*Lap-2 6 11. 755 5 0.03830 
Pgi 5 2.686 4 0.61168 
Pgm-1 4 1.252 3 0.74066 
Pgm-3 5 3.534 4 0.47272 
Adh 4 4.845 3 0.18350 
Sdh 5 2.881 4 0.57790 
Ap-I· 3 2.173 2 0.33744 
*Ap-3 4 8.818 3 0.03181 
(TOTALS) 44.355 31 0.05682 
---------------------------------------------------------------------------
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Table 1A.2b. Continued. 
James River 
LOCUS 
*Lap-1 
*Lap-2 
Pgi 
*Pgm-1 
Pgm-3 
*Adh 
*Sdh 
*Ap-1 
*Ap-3 
(TOTALS) 
ALLELES 
5 
7 
4 
5 
6 
5 
5 
5 
3 
CHI-SQUARE 
23.958 
42.773 
8.802 
19.307 
15.764 
22.967 
50.449 
25.016 
11.279 
220.315 
14 
D.F. 
8 
12 
6 
8 
10 
8 
8 
8 
4 
72 
p 
0.00233 
0.00002 
0.18502 
0.01330 
0.10659 
0.00341 
0.00000 
0.00154 
0.02360 
0.00000 
represent adults and set from the same location, and, as might be expected, 
these populations are very homogeneous with only Lap-2 and Ap-3 showing 
significant differences. 
Nei's genetic distance analysis corresponds well with the Chi-square 
comparisons. Genetic distance analysis provides a method of quantifying 
genetic divergence of populations by comparing allele frequency estimates. 
Populations that are very closely related wil1 have low genetic distance 
values, and segregated populations will, over time, obtain high genetic 
distance values. Cluster analysis (unweighted pair group method) derived 
from Nei's genetic distance values, Figure lA.1, grouped each population 
into its corresponding river, and the greatest within river distances 
occurred among the James River populations. Also, the lower Bay populations 
(James River and Rappahannock River) are grouped separately from the Tred 
Avon River populations. This indicates that the James and Rappahannock 
River populations are more closely related to one another than to the Tred 
Avon River populations. 
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I 
.018 
Figure IA.I. 
I 
.015 
I 
.013 
--
-
JAMES RIVER 
NAN 
WSH 
HHD 
RAPPAHANNOCK RIVER 
RBR 
I 
.010 
RCN 
TRED AVON RIVER 
TRB 
TAC 
I 
.007 
GENETIC DISTANCE 
I 
Population phenogram calculated from Nei's unbiased genetic 
distance values. Population abbreviations are the same as in 
Table IA.I. Smaller genetic distance values indicate more 
closely related populations. Populations within river systems 
are more closely related than populations between river 
systems. 
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Subproject 18~ Temporal and Spatial Variation in Oyster Spatfall in the 
James River. 
Project Description 
The settlement (spatfall) of larval oysters from the free swimming, 
planktonic stage to the bottom shows both spatial and temporal variation in 
the James River. In order to better understand the relationship between 
water circulation, periodicity of spawning of adult brood stock and growth 
and survival of young oysters, there is a need to understand variation in 
settlement. 
Objective 
A survey of temporal and spatial variation in settlement of oysters in 
the James River has histor·ically been conducted by VIMS personnel for over 
30 years. This subproject was designed to expand the number of monitorfog 
stations to more comprehensively describe the settlement process. 
Approach 
Specific stations arE! occupied from ,June through October each year. · 
For the 1984 and 1985 surveys twenty stations were occupied. The stations, 
named in Table 18.1, were sited to create four transects that run over 
important oyster shoals. The only exceptions were Horne Brothers and 
Hampton Flats; the former is near deep water whereas the latter is the site 
of an abandoned o_yster ground that was productive in pre-MSX years. At 
weekly intervals strings of oyster shells are deployed and subsequently 
retrieved, and the numbers of oysters setting during the one-week period 
quantified by counting under a dissecting microscope. Salinity and 
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Table 18.1 
Spatfall on Shellstrings* 
1985 
JAMES RIVER 
Standard Deepwater Horsehead Mulberry Point of Long East Dry 
Week Shoal Bar Swash Shoals Rock End Shoal 
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4 o.o 0.0 0.0 0.0 0.0 0.0 0.0 
5 0.2 1.0 0.5 1.7 1.4 0.7 2.8 
6 2.4 1.7 6.1 8.0 2.7 5.0 
7 17.7 27.1 14.7 16.7 26.2 50.7 
8 0.5 9.1 0.9 3.9 9.9 1.2 5.4 
9 2.5 3.2 2.7 1.2 0.5 7.3 
10 0.1 0.3 2.2 0.1 1.3 0.3 0.3 
11 0.0 0.3 2.2 0.5 0.6 2.0 1.3 
12 0.0 0.0 0.0 0.0 0.1 0.0 0.0 
13 0.0 0.0 0.0 0.3 0.7 0.0 2.9 
14 o.o 1.1 0.0 0.6 3.5 0.2 3.6 
15 0.0 0.3 0.0 0.1 0.0 0.3 1.1 
16 0.0 0.0 0.0 0.0 0.8 0.2 0.1 
17 0.2 0.1 0.0 0.5 0.1 0.1 
18 0.0 0.2 0.0 0.0 0.2 0.1 0.1 
19 0.3 0.9 0.1 0.5 0.7 0.2 6.1 
20 0.0 0.1 0.0 0.4 0.1 0.2 
21 0.0 0.0 o.o 0.3 0.1 0.1 
22 0.0 0.0 0.0 0.1 0.0 
23 0.0 0.0 0.1 0.0 
TOTALS 1.1 36.0 38.1 31.2 46.5 34.9 87.1 
*Shows spat per shell 
--Data not received. 
(smooth side only) 
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Table 1B.1 
Rock Wreck Miles 
Standard Wharf Wreck Shoal Days White Watch Brown 
Week Shoals Shoal Inshore Point Shoals House Shoal 
3 0.0 0.0 0.0 0.0 0.1 0.0 0.0 
4 o.o o.o 0.0 0.0 0.1 o.o 0.0 
5 0.7 0.3 0.7 0.4 0.4 
6 3.9 8.6 19.1 0.5 5.3 2.1 
7 138.2 10.0 10.2 78.0 4.9 4.9 8.8 
8 14.3 3.9 2.9 6.0 4.4 1.8 5.1 
9 7.7 0.6 1.0 1. 7 0.6 2.0 0.9 
10 0.6 0.1 0.7 0.6 0.4 0.7 0.3 
11 0.9 0.4 0.5 0.6 0.4 0.5 0.7 
12 0.0 0.1 0.0 0.0 0.0 0.1 0.1 
13 0.2 0.1 0.7 3.6 0.2 0.6 0.8 
14 0.1 3.6 1.4 5.9 1.1 1.4 2.5 
15 0.0 1.1 o.o 0.8 0.2 0.2 0.1 
16 0.2 0.1 0.0 0.2 0.2 0.0 0.1 
17 0.2 0.0 0.0 0.1 0.0 0.8 0.0 
18 o.o 0.1 0.0 0.6 0.1 0.4 0.2 
19 0.0 1.6 2.4 0.3 1.6 1.1 
20 0.6 0.0 0.0 
--
0.4 0.1 2.8 
21 0.5 0.0 0.0 0.4 0.0 0.3 
22 0.0 0.1 0.0 0.1 0.3 
23 0.0 0.1 0.0 0.0 0.0 
24 0.0 
TOTALS 163.5 26.3 26.5 120.3 14.3 20.9 26.6 
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Table 18.1 
Standard Dog Naseway Horne Cruiser Hampton 
Week Shoal Shoal Brothers Shoal Ridge Flats 
3 0.2 0.0 0.0 0.1 0.0 0.0 
4 0.1 0.0 0.0 0.1 0.0 0.0 
5 3.2 1.3 1.2 3.8 0.0 0.4 
6 11.9 29.8 5.0 7.3 5.1 9.8 
7 276.0 292.3 78.2 192.1 50.9 50.3 
8 225.3 104.6 23.2 13.2 2.5 5.3 
9 16.3 10.8 3.6 2.5 5.3 
10 0.6 0.0 2.6 0.3 0.9 1.0 
11 3.4 2.2 3.9 3.9 0.6 0.8 
12 0.0 0.0 0.6 0.0 0.1 0.8 
13 5.8 2.2 2.0 0.1 0.0 1.5 
14 9.4 15.9 3.6 1.9 5.5 3.8 
15 3.3 3.1 2.5 1.2 0.3 0.9 
16 0.4 0.3 2.0 0.1 0.1 1.1 
17 0.3 0.1 1.5 0.1 0.1 0.9 
18 0.7 0.1 1.0 1.0 0.3 0.6 
19 1.5 0.4 0.6 0.7 0.2 0.1 
20 5.4 2.6 3.2 1. 7 0.3 2.5 
21 2.5 0.1 0.5 0.2 0.7 
22 2.5 0.1 0.4 0.1 0.7 
23 0.0 0.0 0.0 0.0 0.0 0.0 
24 0.0 0.0 0.0 0.0 0.0 0.0 
TOTALS 568.8 465.9 135.6 227.6 69.7 86.5 
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temperature measurements were also made at each station on each collection 
date. 
Findings 
Surveys were effected in 1984 and 1985. In 1984 setting began in the 
first week of July. Heaviest set occurred near the end of August. The 
"setting season" extended from two to three months depending upon location 
throughout the river. In general, the set was the lowest in the 1980-1985 
period and resembled levels typical of the 1976-1979 period. 
During the late winter and early spring of 1984-1985, salinities in the 
James River were above normal. Setting of oysters began in the third week 
of June 1985 and peaked some four weeks later (five weeks earlier than in 
1984). Further, smaller peaks occurred in the first week of September and 
the second week of October. The setting season extended for nineteen weeks 
and did not end until water temperature on the bottom decreased to 19°c or 
below. The level of setting in 1985 was in contrast to the low setting 
level of 1984, typical of the 1980-1983 period, and was perhaps enhanced by 
stable salinity and temperature regimes throughout the summer and early 
fall. 
Relevance to Management of Resources 
The shellstring survey data provide an early "predictive" base for 
assessing potential settlement of a year class of oysters -- oysters that 
will subsequently be harvested for transplanting or direct sale to market. 
Clearly, such a predictive tool has value in fishery management at the 
harvesting level and in oyster reef replenishment programs. 
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Continuing Effort 
This program will continue through FY 88 and probably beyond, building 
on a data base that is over 20 years old. 
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Subproject 18 
Data Summary 
Table 18.1 summarizes data on temporal and spatial variation in 
spatfall as recorded in the James River in 1985. Data are recorded as 
number of spat setting per oyster shell (smooth side only) per week at each 
designated station. The "standard weeks" are based on collections made on 
each quarter of the moon. No settlement was recorded during standard weeks 
1 and 2, hence the table starts at week 3. The important points to note are 
that settlement is highly variable both between stations at one time and at 
one station over time. Consider, for example, data from Cruiser Shoal. A 
large increase in numbers of larvae setting occurred from week 6 to 7; 
however, this decreased again on week 8, and settlement was virtually 
negligible by week 10. While week 7 was generally one of the better weeks 
for settlement throughout the river, considerable variation was noted 
between stations. For example, while Dog and Naseway Shoals had settlements 
approaching 300/shell, stations at Wreck, White and Brown Shoals had records 
of 10/shell or less. 
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Subproject IC. Sex Ratios and Gonad Condition of James River Oysters. 
Pro~lem Description 
The potential production of oyster beds depends initially on successful 
reproduction by the existing brood stock. Production may not reach adequate 
levels if the brood stock is not able to produce sufficient numbers of 
larvae either because of a serious imbalance in the proportion of male to 
female oysters (the sex ratio) or because of failure of their gonads to 
develop fully. Examination of oyster gonads mounted as thin cross-sections 
on microscope slides provides information about those two critical factors 
which may contribute to unusually low or high annual spatfall. 
Objective 
To determine the sex ratio and gonad development of oysters collected 
1) in the James River since 1960 as part of disease studies at VIMS and 
stored in the Histopathology archives and 2) in recent collections made as 
part of this study. The data collected are interpreted in relation to the 
decline in spatfall in the James River during the late 1950's and early 
1960's as well as to more recent spatfall in the same river. 
Approach 
Thin cross-sections of oysters collected in 1960, 1965 and 1970 and 
stored in VIMS archives and of oysters collected in 1984 were examined under 
the microscope. Sex and gonad condition of each oyster was recorded. A 
total of 1,050 oysters from the archive collections and 600 collected in 
July and August 1984 were examined. Only 973 of the preparations from the 
archives collection and 567 from the 1984 group were usable. The location 
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of the oyster beds studied is shown in Figure IC.I. Gonad condition was 
measured as the fraction of the number of points on a lattice superimposed 
over the gonad cross-section which lay over an egg or a sperm. This value 
is called the Gonad Volume Fraction (GVF) and can range from O for a gonad 
without sex cells to I for a full gonad. The GVF measurements and sex ratio 
data were compared with annual spatfall data for 1958-1985. 
Findings 
No statistically significant correlations were found between sex ratios 
or gonad developmental condition and oyster spatfall in the James River in 
the four years studied; however, we feel that limitations inherent to the 
materials available in the VIMS archives may have contributed to those 
results. 
Relevance to Management of Resources 
The sex ratio and the developmental condition of oysters (including 
consideration of gonad thickness) on a river bed is critical to their 
successful reproduction. These two parameters have not been given 
sufficient attention in the past. They appear to have been fairly stable in 
the oyster samples examined. No definitive association between our results 
and the decline of spatfall in the James River was found. 
Continuing Effort 
This program will not be continued in FY 86-88. The material is 
presently being prepared for publication. 
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Subproject IC 
Technical Summary 
The data on which these findings are based appears in the accompanying 
tables or figures, and reference will be made to them in the text. 
Sex Ratios 
There was no indication in our data that a widespread imbalance in sex 
ratios occurred in the James River in 1960, 1970 or 1984 (Table IC.I and 
Figure lC.2). Only three isolated cases were found in these three years in 
which a statistically significant deviation from a 1 to 1 ratio existed: 
two in 1960 (at Brown Shoal and Horsehead) and one at Thomas Rock in 1984. 
Statistically significant sex ratio discrepancies were found at Wreck 
Shoal in July and August 1965 and in July of the same year at Brown Shoal. 
The Hampton Bar data for July and August 1965 suggest that sex ratio 
discrepancies may have existed there also if the unidentified oysters had 
also been males. Absence of a sample for August 1965 from Brown Shoal 
prevented determination of whether a sex ratio imbalance had been present 
there. These possibilities could be considered as unwarranted speculation 
if it were not for the fact that spatfall in the James River in 1965 was the 
lowest ever recorded there (see Figure lC.3). A widespread imbalance in sex 
ratio over most of the river might have contributed to such low spatfall. 
Unfortunately, the limitations in the data available prevents establishment 
of such an association. 
No size measurements were available for the oyster sections from the 
VIMS archives. This contributes some uncertainty about the reliability of 
the sex ratios found since it is known that sex in oysters is related to 
27 
Table lC,l, Number of male and female oyatera in samples from Jamea River beda, Sex determined from histological preparation• 
in VIMS histopathology archivea (1960, 1965, 1970) and from oyaters collected in 1984. Aateri,k indicate, aex ratio 
significantly different (P < O ,OS) from l to 1, SNI • Sex not identifiable. 
1960 1965 1970 1984 
Ovster Bed ~ tlax ,!110 .ZIil &Ii: §s:R !1!:, Hix Jyg .ZIil Au& lh:11 .1.111 &Ii: .1.111 &I&; 
Hampton Bar Male l 9 7 13 10 4 8 l2 15 14 10 
Female 2 4 12 9 10 l 8 7 s 7 14 
SNI 10 2 l 2 3 19 s l 2 3 0 
ll&nsemond Ridge Male 23 23 
Female 23 23 
SNI 0 2 
Nasevay Shoal Male 18 24 
Female 2S 26 
SNI 6 0 
N 
(X) Brown Shoal Male 2 6 7 11 6 2 7 10 17* 10 12 
Female 6 18* 10 14 1S 10 2 11. 6 10 8 
SNI 14 0 0 4 4 12 16 4 1 s 2 
Thomas Rock Male 19 11* 
Female 29 34 
SNI 0 l 
Gun Bock Male 8 
Female 17 
SNI 0 
Wreck Shoal Male 6 6 8 7 4 0 4 s 7 9 7 10 20 18 
Female 4 13 11 1S 12 3 13 9 17* 39* 1S 9 21 2S 
SNI 9 0 0 l 4 21 8 6 0 2 3 0 2 6 
Point of Shoals Male 2S 14 
Female 23 28 
SNI 2 0 
Horsehead Male s 8 15 11 10 2 9 17 19 
Female 15* 9 7 14 1S 10 10 29 31 
SNI 0 7 1 0 0 13 0 0 0 
NS POS 
50 ----- 1984 
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Figure lC.2. Percentage of male and female oysters in samples from James 
River oyster beds as determined from histological cross-
sections. Asterisk indicates that sex ratio was significantly 
different (P < 0.05) from a one-to-one ratio. NS= Naseway 
Shoal, POS = Point of Shoals, NR = Nansemond Ridge, HB = 
Hampton Bar, BS= Brown Shoal, WS = Wreck Shoal, HH = 
Horsehead. 
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Figure lC.3. Total number· of oyster spat/shell that set on clean shells exposed during spawning 
season of oysters at four stations in the James River, 1958-1985. Figures for 
1958-1962 were extrapolated from shellbags data. Figures for 1963-1985 were 
derived from shellstrings data. Right-hand vertical axis presents our classification 
for annual magnitude of spatfall. 
size (as an estimator of age). Small oysters, which are usually younger, 
have been found to be predominantly male; however, size measurements of 
oysters collected in 1984 did not show a relationship between size and sex 
(Figures IC.4 and IC.5). This is not surprising since it is known that 
oysters grow slowly in the James River, and a relatively small oyster could 
be several years old. Therefore, size of the James River oysters in the 
VIMS archives may not be as important in sex ratio determination as would be 
the case elsewhere. 
Gonad Condition 
Measurements of the developmental stage or condition of oyster gonads, 
expressed as the GVF, were grouped into four classes: 0-0.25, 0.26-0.50, 
0.51-0.75 and 0.76-1.00 (Figures lC.6-IC.10}. Variation in measurements 
made on the same oyster were small (see Figure IC.II), but the grouping into 
GVF classes was done to further minimize their effect on interpretation of 
the data. The 0.76-1.00 class identifies oysters with full or nearly full 
gonads, while the 0-0.25 class includes oysters with poorly developed gonads 
or nearly spent oysters. The third histogram bar in each of Figures lC.6-
lC.10 represents the percentage of oysters (either undeveloped or completely 
spent) whose sex could not be identified. 
In most of the groups of oysters examined there was a high percentage 
in the 0.51-0.75 and 0.76-1.00 classes between June and September. The 
highest such percentages, however, were usually found in July and August--
months during which most of the spawning activity of James River oysters is 
known to occur. GVF values in May and October were usually low(< 0.50) in 
those groups examined for those months. In each group examined the gonad 
condition of male and female oysters was usually similar. 
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Figure lC.4. Mean height, 95% confidence intervals and range, by sex, of 
oysters collected from six beds in the James River in July 1984 
and examined for gonad condition. NR = Nansemond Ridge, NS= 
Naseway Shoal, TR= Thomas Rock, WS = Wreck Shoal, POS = Point 
of Shoals, HH = Horsehead. 
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Figure lC.5. Mean height, 95% confidence intervals and range, by sex, of 
oysters collected from six beds in the James River in August 1984 
and examined for gonad condition. Station labels same as in 
Figure lC .4. 
Figures lC.6 - Frequency of occurrence, presented as cumulative 
IC.IO. percentages, of the four Gonad Volume Fraction {GVF) classes 
in male and female oystE!rs from six beds in the James River 
at different collection dates in four selected years. The 
two histogram bars that reach 100% represent males on the 
left and females on the right. The third bar, where 
present, represents the percentage of all oysters in each 
sample whose sex could not be identified. Digits by each 
set of bars give the number of oysters in each of the three 
sex classifications, respectively. GVF classes: 
1=1 = 0-0.25 ; I I = o.26-0.50 ; ~ = o.51-0.75 ; 
• = 0. 76-1.00. 
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With few exceptions, most of the oysters in July and August samples 
from the VIMS archives had gonads filled or nearly filled with mature and 
nearly mature eggs or sperm. The most notable exceptions were recorded at 
Brown Shoal in early July 1965 and on Hampton Bar in August 1965 when the 
frequency of GVF values less than 0.50 ranged between 30 and 40 percent in 
female oysters. We cannot correlate these values to the low spatfall in 
1965, but they merit mention in that context. 
Oysters in the July and August 1984 collections had very high frequency 
percentages of full or nearly full gonads at the six beds sampled. Spatfall 
in the James River in 1984 was among the highest observed since 1960 (see 
Figure lC.3), and the preponderance of high frequencies of GVF values 
correlate well with such an occurrence. 
Our evaluation of gonad condition from examination of histological 
cross-sections did not take into consideration the thickness of the gonad 
(the distance between the body wall and internal organs that was occupied by 
the gonad). A great variation in gonad thickness was observed among oysters 
in sections from the VIMS archives. These differences could not be 
evaluated because the sections, which were not prepared for study of the 
gonad, included only small parts of the gonad. Furthermore, we had no 
record of the size of the oysters in those collections. Size records were 
available for the 1984 oysters, and among those collections there appeared 
to be a significant difference in gonad thickness between the July and 
August samples from Horsehead (Figure lC.12). The difference in gonad 
thickness was not related to oyster size because males and females were the 
same size at Horsehead in both months (Figures lC.4 and lC.5). However, 
another factor that must be considered in comparisons of gonad thickness is 
the location of the cross-sectional cut along the longitudinal axis of the 
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oyster. We were not strictly consistent in establishing that location in 
each individual oyster and, therefore, cannot conclude that the statistical 
difference found among the Horsehead oysters was real. 
The data presented in Figure IC.3 were obtained from VIMS shellstring 
spatfall records. They show that the annual pattern of spatfall at the four 
oyster beds included is similar over the 28-year period suggesting that the 
factors affecting spatfall in the James River operate with similar 
magnitudes throughout the river. 
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Subproject ID. Development and Influence of Fouling Organisms on Oyster 
Settlement. 
Problem Description 
Knowledge of the seasonality and relative density of fouling organisms, 
as well as effects on spat settlement and growth, is critical to effective 
management of the resource, especially in regard to cultch planting. Timing 
of cultch placement can be crucial to the success of oyster setting. This 
project was designed to provide those details necessary for a rational 
consideration of fouling. 
Objective 
To examine the rate of development, composition and surface coverage of 
a fouling community on clean shell cultch deployed in a selected site on the 
James River seed oyster beds. 
Approach and Findings to Date 
Two experiments were completed, one each in 1984 and 1985, with the 
latter being an improved version of the former. The 1984 study utilized 
small shell piles (- 1,500 shells) on the bottom, sampling with tongs. The 
resultant data suggested that this sampling might itself influence 
settlement. Consequently, the 1985 study used diver deployed and collected 
material. Microscopic examination of collected material provided both 
qualitative and quantitative data on fouling. Both studies provided similar 
conclusions; for brevity only the 1985 study is presented here. 
During the period May-October 1985, a field experiment was carried out 
using diver deployed and collected series of clean shell substrate on Wreck 
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Shoal in the James River. Data from the study suggests that clean shells 
placed on the river bottom between 21 May and 1 July exhibit a rapid 
increase in fouling coverage over time. Maximum fouling coverage appears to 
coincide with the period of maximum water temperature (mid-August), 
irrespective of when {between 21 May and 1 July) the shells are placed on 
the bottom. Approximately 60% of the shell surface (both sides) are covered 
by fouling by mid-August and continue at this level of coverage through 
early October. 
A fouling community is not a static community. The composition of the 
community changes with time. However, the compositional change usually 
occurs with little or no decrease in the total surface coverage. 
Relevance to Management of Resources 
Substrate occupied by a fouling organism is substrate unavailable for 
oyster settlement. Given the significant sums of money invested in shell 
planting programs annually in Virginia, it is clear that optimal timing for 
planting is within a few weeks of maximum larval settlement. The latter is 
variable (see Subproject lB), but clearly "the nearer to maximum set - the 
better" is a good guideline. Also clear, however, are the logistical 
problems of planting large volumes of cultch in a short period of time with 
limited resources. Our data are presently being prepared in report form 
which will be available to management agencies. 
Continuing Effort 
Knowledge gained from these observations will be applied in 1986 to the 
oyster repletion program in the Potomac River in collaboration with the 
Potomac River Fisheries Commission and the Maryland Department of Natural 
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Resources to improve yields of oyster seed. If successful, the procedures 
will be applied to the James River. The Potomac River was chosen because 
the system and existing program of repletion is more easily managed. 
Further small-scale experimental studies in the James River are not planned. 
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Subproject 1D 
Data Summary 
Figure 10.1 
Coverage by fouling organisms peaked in mid-August 
during the period of maximum water temperature and then 
declined slightly to a constant level. Shell cultch 
deposited at successively later dates were fouled at greater 
rates (note increased slope of lines), but reached a similar 
equilibrium level of coverage. Thus, the rapid increase in 
fouling makes the timing of cultch planting critical. 
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Figure 10.2 
Below is a detrended correspondence analysis (DCA) ordination 
of samples examined in the fouling study. The squares represent 
samples which were planted on 21 May, the circles are those 
planted on 4 June, the triangles are those planted on 17 June, and 
the x's are those planted on 3 July. The numbers refer to the 
number of weeks the samples were exposed before collection. Those 
samples in which the worm Sabella (Sm) showed greater than 20% 
coverage are enclosed by a solid line. Similarly enclosed by 
lines are samples with minimal coverages indicated for the sponge 
Haliclona (Hp), an erect bryozoan Bowerbankia (B8), an encrusting bryozoan Electra (Ee), and a hydroid Clytia (Ch). 
DCA is a statistical technique which spatially groups samples 
with respect to their attributes (in this case species 
composition). Those samples most similar in composition group 
near to one another and are spatially more distant from those less 
similar in composition. 
Time progresses from left to right on axis I of the DCA since 
each sequential 2-week sample is usually found further to the 
right of the earlier collected samples. The initial species 
composition of fouling organisms on the shell cultch is primarily 
a reflection of those organisms which were setting soon after the 
cultch was planted. By following each of the plantings (square, 
circle, triangle, x) over successive weeks, it can be seen that 
the structural composition of the community on the shells changes 
over time from being dominated by a Sabella worm to domination by 
the bryozoan Bowerbankia, and later by the hydroid Clytia. 
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Subproject lE. Influence of Endolithic Algae on Oyster Settlement and Early 
Post Settlement Survival. 
Problem Description 
Endolithic algae are naturally-occurring fouling organisms that 
penetrate through oyster shell substrate and contribute to its natural 
dissolution. Studies during 1983 and 1984 indicated a significant presence 
of such algae in oyster shells dredged from the James River. The question 
arose as to whether or not these algae influenced settlement and subsequent 
growth of oysters on "infected" shell. 
Objective and Approach 
To determine the distribution of boring endolithic algae in the lower 
James River as a possible function of depth and salinity during the spring, 
summer and fall seasons. To quantify the influence (positive or negative) 
of endolithic algae on oyster settlement and early post settlement survival. 
Findings 
Statistical analysis of our data suggests that the presence of 
endolithic algae does not influence the magnitude of settlement and, indeed, 
that once settlement has occurred post settlement larval survival may even 
be enhanced. 
Relevance to Management of Resources 
Endolithic algae occur throughout the seed oyster bed region. Their 
abundance is highest in the upriver direction (Deep Water Shoal) and 
decreases downriver to Nansemond Ridge. They clearly play a role in 
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physical degradation of exposed shells of dead oysters and, thus, in the 
ecology of oyster reefs. Fortunately (for managers) their presence does not 
appear to be detrimental to the general well being of the seed oyster beds. 
Continuing Effort 
This project forms the basis of an M.A. thesis which will be completed 
in late 1986. The data are presently being prepared for the thesis and 
publication. 
50 
Subproject IE 
Technical Summary 
To ascertain the distribution of endolithic algae in relation to 
salinity, oyster cultch was dredged from four stations in lower James River 
during the spring and fall seasons. These stations are Deep Water Shoal, 
Wreck Shoal Offshore, Naseway Shoal, and Nansemond Ridge. The distribution 
of endolithic algae in relation to depth was investigated by dredging 
samples from four different depths at Wreck Shoal Inshore and Offshore 
during the summer season. Analysis of each sample involved: 1) choosing 
ten shells at random from each dredge sample; 2) removing all attached 
organisms from both shell surfaces; 3) chemically treating each shell to 
dissolve the surface of the shell and expose the algal mat; 4) preparing 
slides for counting of numbers of algae present and examination of species 
composition; and 5) removing all algae from the outer surface of each shell 
to estimate the abundance of endolithic algae per cm of shell surface via 
chlorophyll extraction technique. The relative abundance of each species 
present on a slide was assessed via phase contrast microscopy and a 
standardized selection procedure where a maximum of 250 algal filaments were 
randomly chosen and identified. The parameter of interest, percent 
occurrence (or relative abundance), was then calculated by dividing the 
number of filaments of each species by the total number of filaments 
present. 
To examine the impact of endolithic algae growing in oyster shells on 
setting intensity and early post settlement survival, it was first necessary 
to collect infected shells. A dredge sample was obtained from Deep Water 
Shoal (DWS) and shells chosen according to the following criteria: whole 
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shell 5-6 cm long; minimal erosion of surface and minimal macrofouling by 
barnacles. Ten shells were analyzed for chlorophyll content; however, 
samples collected at DWS at the same depth and time the previous year were 
used for algal composition information. The remaining shell was scrubbed to 
remove all epilithic organisms then cut into one-inch square pieces with a 
geologic saw. The pieces of shell substrate were held in flowing filtered 
(SOu) seawater until the beginning of the experiment. Sandblasted double-
strength glass was also cut into one-inch square pieces, acid cleaned, 
washed, and soaked in filtered seawater to remove any remaining chemicals. 
Thus, glass served as an inert "control" substrate. 
Twenty-four hours before the setting of the larvae, all substrate 
pieces were scrubbed, the shell substrate divided into Treatments A and B, 
substrate of Treatment B boiled, and substrate of all treatments arranged in 
a random order in the setting tray filled with lum filtered seawater. 
Treatments A, B, and Care as follows: shell containing live endolithic 
algae; shell containing dead algae; and glass, respectively. Thirty-six 
thousand pediveligers were then introduced to the setting tray, maintained 
and fed for six days at which time the experiment was terminated, the spat 
dyed with methyl red and removed to air dry. 
The parameters measured were magnitude of spat set and post settlement 
survival. The values for spat set consisted of the number of live and dead 
spat found on the outer surface of each piece of substrate. Post settlement 
survival was defined as those spat that had settled, were larger than 280u 
and were actively growing when the experiment was terminated. Values for 
this parameter consisted of the number of spat on the outer substrate 
surface meeting the criteria set forth by the definition of post settlement 
survival. 
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Species Composition Study 
Percent occurrence estimates for each species by station and season are 
shown in Table IE.I. Two bluegreen algae, Schizothrix calcicola and 
Entophysalis duesta and one green alga, Ostreobium guekettii, were present 
at all three stations (no algae found at Nansemond Ridge) during the spring 
and fall sampling periods as well as at the four depths at Wreck Shoal 
Offshore (WSO) which make up the summer sample. Gomontia, in its 
filamentous form, was present in comparatively small amounts at Deep Water 
Shoal (DWS) and Naseway Shoal (NS) during the spring sampling period. 
No single species was dominant at all stations or during all seasons; 
however, recurrent patterns of species dominance at individual stations may 
exist in the spring and fall seasons. Schizothrix calcicola was the 
dominant species at DWS and Ostreobium guekettii was the dominant species at 
WSO. The percent occurrence of these two species was very different from 
those of the other algal species at their respective stations; however, this 
may not have been the case at Naseway Shoal. In both the fall and spring, 
Entophysalis deusta appeared to be the dominant species but only by a small 
margin, as its percent occurrence was not much larger than that of Q. 
guekettii or~. calcicola. Statistical analyses now in progress will show 
whether Entophysalis deusta was the dominant species at Naseway Shoal or 
whether it was co-dominant with~. calcicola and/or Q. quekettii. 
Chlorophyll Studies 
Data for the spring, summer, and fall chlorophyll samples were analyzed 
using analysis of variance (ANOVA) tests ( a= 0.05) performed on each of the 
three data sets. A borderline significant difference (P = 0.0211) in algal 
abundance per cm of shell surface between stations was seen in the spring 
53 
Table lE.l. Percent Occurrence of Algal Species by Station and Season 
Sample I.D. 
Season Station Q. guekett ii .s.. cal cicol a .E.. deusta Gomontia 
Fall DWS 1 90 9 0 
Fall wso 59 21 20 0 
Fall NS 24 31 45 0 
Fall NR NO ALGAE PRESENT - ONLY SPONGE 
Spring DWS 1 74 24 1 
Spring wso 69 9 22 0 
Spring NS 14 30 40 16 
Sgring NR NO ALGAE PRESENT - ONLY SPONGE 
Summer I.Sm 8 57 
Summer 2.4m 1 50 
Summer 3.4m 52 38 
Summer 4.6m 46 44 
Deep Water Shoal - River Mark 43.85 
Wreck Shoal Offshore - River Mark 31.85 
Naseway Shoal - River Mark 17.30 
Nansemond Ridge - River Mark 9.66 
54 
35 0 
49 0 
10 0 
10 0 
River Mark= Number of 
meters from river 
mouth 
sample, whereas the difference in algal abundance between stations in the 
fall sample was strongly significant. For both spring and fall samples the 
highest algal abundance values were found at the most upriver station (Deep 
Water Shoal) with values continually decreasing downriver, Nansemond Ridge 
having the smallest abundance of algae. The analysis of variance test 
performed on the data from the summer sample, where algal abundance was 
measured at four depths at Wreck Shoal Offshore and Inshore, showed no 
significant difference, suggesting that depth at this station does not 
influence algal abundance. 
Spat set data of Treatments A (live algae), B (dead algae), and C 
(glass) was analyzed using an analysis of variance (ANOVA) test ( a= 0.05). 
A significant difference between treatments was found; however, the multiple 
range test showed that set on substrate on Treatment A was different 
(larger) from that of Treatment C and set on shell of Treatment B was 
different (larger) than set on glass of Treatment C, but ~he number of spat 
setting on the substrates of Treatment A and B were not statistically 
different. 
An ANOVA test was also performed on the post settlement survival data 
for Treatments A and B; data from Treatment C were not statistically 
considered because of too few data points. A significant difference in 
survival between treatments was found, suggesting that oyster spat survive 
and grow to a larger degree on shell containing endolithic algae. 
Sampling of oyster shell over the past few years has shown the 
widespread occurrence of endolithic algae throughout the lower James River. 
Two species of bluegreen algae and one green alga were consistently found at 
each station, depth and season sampled; however, they occurred in varying 
amounts with no one species consistently being the dominant form. Each 
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station, except Nansemond Ridge where only sponge is present, has a 
different dominant alga occupying the oyster shell. It is hypothesized that 
each endolithic algal species responds optimally to a specific salinity 
range, where it grows best and out-competes the other species for space 
within the shell matrix. 
Statistical analysis of chlorophyll data (which measures relative 
abundance of all algal species collectively) generated during the spring, 
summer, and fall seasons, suggests that the abundance of endolithic algae is 
partially influenced by salinity but not by depth at which it exists. The 
largest chlorophyll values (largest algal density) occurred at Deep Water 
Shoal where Schizothrix calcicola was the dominant alga, and the lowest 
chlorophyll values were found at Naseway Shoal where the dominant alga was 
Entophysalis deusta. ~- calcicola is apparently able to attain a higher 
density within the shell matrix than f. duesta or Q. guekettii; at present 
no theory is postulated to explain this phenomena. 
Due to the widespread occurrence of endolithic algae in oyster shell 
throughout the lower James River, its influence on setting of oyster larvae 
and spat survival was investigated during the 1985 laboratory experiments. 
The results of this study indicate that endolithic algae does not influence 
the setting of oyster larvae; nonetheless, once the oyster larvae have set 
on a shell containing endolithic algae, the survival of the larvae appears 
to be enhanced. 
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Subproject IF. Seasonal Abundance of Predators in the James River Seed 
Oyster Beds. 
Problem Description 
The scientific literature describes numerous instances of devastation 
of oyster beds by predators. While certain predators, e.g. oyster drills, 
are excluded from the James River seed bed area by salinities of less than 
20°/oo, others remain. In order to evaluate their potential impact on the 
resource we need to know how many and what predators are present, and what 
is the potential impact of each predator. The field portion of this 
question is Subproject IF; the laboratory portion is Subproject IG. 
Objective 
To examine seasonal changes in density of the predators Stylochus 
ellipticus (a flatworm) and Odostomia (a snail) at a selected site in the 
James River, Va. 
Approach 
Quantitative samples of bottom substrate (oysters, shells and 
predators) were collected monthly from August 1984 to August 1985 using a 
suction sampler. The retained material was examined microscopically and the 
number of oyster spat and predators enumerated. 
Findings 
1. The number of spat setting on bottom substrate at Wreck Shoal between 
August and September 1984 (represented by the size group 0.1-4.0 mm; 
Figure IF.I) was high. It ranged between 178 and 4,889/m. The most 
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Figure lf.1. Range in number of oyster spat per square meter in collections 
made using a suction sampler at Wreck Shoal in the James River 
during 1984 and 1985. Only the two smallest size groups included 
(they constituted over 90% of all spat). Arrows at base line -
indicate that the lower end of range was zero. 
frequently found densities were between 800 and 1,700/m. Most of the 
spat were found on small shell fragments, usually referred to as cinder, 
and not on the larger shells from adult oysters. Cinder was found to be 
fairly clean of fouling organisms, while the larger shells were usually 
fairly well covered with fouling. The number of recently-set spat was 
extremely high in July 1985 with a range in density between 1,692 and 
21,539/m. Three out of five samples exhibited spat densities between 
5,000 and 12,000/m. 
The high densities of newly-set spat should have been sufficient in 
1984 and 1985 for the successful replenishment of oyster populations in 
Wreck Shoal if mortality had not been a major factor. The densities of 
spat in the size group 4.1-8.0 mm were substantially lower than those in 
the 0.1-4.0 mm group (Figure lF.2). Densities ranged most often between 
100 and 400/m. The numbers of spat larger than 8.0 mm were even lower, 
ranging between 100/m and zero after October. These figures indicate 
that mortalities of spat were very high in the weeks following setting. 
Spat mortalities could be caused by many different agents, but predation 
by other animals can be one of the most significant. In the paragraphs 
that follow, we present data on the densities of Odostomia snails, 
flatworms and mud crabs which are considered contributors to spat 
mortalities in the James River. 
2: Densities of Odostomia snails in the samples we collected were high 
among three of the four species encountered. Odostomia A (tentatively 
identified as Odostomia bisuturalis) was the most abundant, and its 
abundance was the most consistent among the four species throughout the 
year. The highest densities found frequently were in the range of 2,000 
to 5,000/m (Figure lF.2). The second most abundant species found 
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D = Q. dux. 60 
consistently throughout the year was Odostomia B (tentatively identified 
as Odostomia eburnea). This species' most frequently occurring 
densities were in the range of 500-1,000/m. 
Odostomia C (tentatively identified as Odostomia dealbata) was also 
found throughout the year, but its densities were lower than for A and B 
and showed greater fluctuations in density. It appeared to occur with 
most consistency between fall and spring while summer densities 
fluctuated considerably. The fourth Odostomia species was labelled D 
and tentatively identified as Odostomia dux. It was found only in the 
July and August 1985 samples but occurred in the highest densities 
recorded for any of the four species. Most frequently those densities 
ranged between 3,000 and 8,000/m. The occurrence of Odostomia D during 
July and August may have been associated with higher than normal water 
salinities in Wreck Shoal (19-20°/oo; Table IF.I), which also were the 
highest salinities recorded during the 13 months of the study. 
We found no Odostomia snails that could be identified as Odostomia 
impressa, the species most frequently mentioned as a predator on 
oysters. This discrepancy, however, is strictly one of nomenclature and 
primarily of academic concern. It does not in any way detract from the 
potential role of Odostomia snails as a major factor in mortality of 
oyster spat. 
3. Two species of flatworms, Stylochus ellipticus and Coronadena mutabilis, 
have been identified from the Wreck Shoal area in the past. The 
technique used for preservation of our samples prevented us from 
separating the flatworms collected into those two species. Therefore, 
we will refer to them as "flatworms" with the understanding that most of 
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Table IF.I. Bottom water temperature and salinity at Wreck Shoal station 
during collection dates in predator density study, 1984-1985. 
Date Temperature ,oc) Salinity ( 0 /oo) 
1984 Aug 9 28.1 15.9 
16 28.7 13.6 
30 26.2 11.4 
Sep 20 22.0 13.8 
Oct 4 18.7 13.7 
19 20.8 13.3 
Nov 1 21.9 16.3 
15 12.7 16.9 
27 9.5 17.3 
Dec 11 8.1 16.7 
1985 Jan No collection made 
Feb 11 3.7 12.4 
Mar 13 13.0 11.0 
Apr 22 18.7 16.8 
May 30 21.6 16.3 
Jun No collection made 
Jul 17 27.0 19.9 
Aug 13 27.1 19.0 
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) 
them are probably Stylochus and that Coronadena is probably also a 
predator on oyster spat. 
Flatworms were found in our samples throughout the year. 
Densities ranged most frequently between 200 and 700/m, but the highest 
densities (ranging around 1,000/m) were found in late summer and early 
fall of 1984. Flatworm numbers were low between late fall and early 
spring. 
4. Mud crabs in our samples were usually few, and frequently there were 
none. It is possible that the mud crabs may have been able to evade 
capture by our sampler. That uncertainty prevents us from discussing 
the mud crab data in this report. 
Summary of Findings 
1. Densities of spat setting on bottom substrate at Wreck Shoal were high, 
but survival appeared to be low. Most of the spat were found on small 
shell fragments. 
2. Odostomia snails and flatworms persisted throughout the year with 
apparently minor fluctuations. 
3. Densities of Odostomia snails were very high in Wreck Shoal. Four 
species were found, but Odostomia impressa was absent. 
4. Densities of flatworms were also high most of the time. 
Relevance to Management of Resources 
High densities of recently-set spat found in this study indicate that 
set on natural substrate over Wreck Shoal and probably over other seed beds 
in the James River were substantial enough in the past two years to provide 
adequate annual replenishment of oyster populations if survival were also 
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high; however, the presence of high mortalities following the set were also 
recorded. The nature of the mortality agents must be identified and 
quantified. If mortalities are found to be primarily related to human 
activity and not intrinsic to interaction among the inhabitants of the 
oyster bed ecosystem, actions can be taken to reduce mortalities. 
The high densities of Odostomia snails and flatworms recorded in this 
study indicate that by their sheer numbers they could account for a 
substantial percentage of the spat mortality. Quantification of their 
effect would permit evaluation of the extent to which other more 
readily controllable mortality agents can be regulated to increase spat 
survival and improve oyster bed production. 
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Subproject IG. Laboratory Studies of Predation on Oysters. 
Problem Description 
Although many factors may influence the survival of oysters to 
marketable size, predation on spat (age 1 to 12 months) is of great 
significance. Spat are most vulnerable to predation because of their small 
size and thin shells. 
Objective 
The objective of the predation study was to determine the rates at 
which the common mud crab (Panopeus herbstii) and an estuarine flatworm 
(Stylochus ellipticus), both known oyster spat predators, can prey upon 
spat. 
Approach 
Controlled laboratory experiments were conducted to determine predation 
rates. In separate experiments, mud crabs and flatworms were presented with 
only oyster spat as food items. Experiments were conducted at different 
water temperatures to examine seasonal changes in predation rates. Other 
experiments examined the change in predation rates concurrent with changing 
prey densities. 
Findings 
We have determined that both mud crabs and flatworms can be serious 
predators on oyster spat. Flatworms appear to prey on oyster spat during 
the cooler months, including the winter, whereas mud crabs seem to be most 
active as oyster predators during the summer. We find the predation rates 
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vary greatly among individual animals, some not feeding at all on oysters, 
others eating relatively large numbers of spat. Predation rates increase 
with increasing availability of prey up to a certain point, above which the 
predation rate either declines (flatworms) or levels off (mud crabs). 
Relevance to Management of Resources 
As mentioned earlier, protection of oysters on natural reefs from 
predators is generally not feasible; however, the primary application of 
these findings to managers is with respect to hatchery spawned and reared 
oyster spat. Spat may be protected from predation by mud crabs by physical 
means such as wire screening until such time that the crabs become dormant. 
Predation by flatworms does not appear to be a problem during the summer 
when the crabs are most active. Flatworm predation may be partially 
controlled by judicious timing of planting of the hatchery reared spat. 
Continuing Effort 
The immediate effort is to reconcile these data with field data and 
develop schemes useful to the managers and growers, particularly as related 
to use of hatchery-reared and remotely-set oysters. Further efforts are 
planned to examine predation on adult oysters by the cownose ray, Rhinoptera 
bonasus. Reports from oyster planters in the Rappahannock River indicate 
that this large ray, which appears in the Bay in large numbers in the 
summer, may be responsible for damage exceeding $500,000 to individual 
oyster beds. 
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Subproject lG 
Data Summary 
Predation Rate 
Temperature (°C) f. herbstii ~. ellipticus 
9 
10 
12 
21 
24 
0 
* 0.02 
0.36 
0.65 
* Predation rate not determined at this temperature. 
** Predation by flatworms ceased when they began spawning. 
0.008 
0.012 
* 0.060 
** 
Predation rates are average daily rates expressed as the number of spat 
eaten per predator. The data show a definite difference in predation rates 
between the two organisms. The predation potential of an individual mud 
crab is much greater than that of a flatworm; however, flatworms are 
probably more abundant. Thus, a direct comparison of predation rates will 
require quantification of their abundance. 
Flatworm predation occurs at temperatures below those at which mud crab 
predation begins, and mud crab predation continues and increases at 
temperatures above those at which flatworm predation ceases. The oyster is 
thus subject to predation pressure throughout the spat phase because of this 
seasonal resource partitioning. 
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The above figure illustrates the predation rates at different prey 
densities~ The closed circles denote predation by the mud crau and the 
open circles denote predation by the flatworm. The number of spat 
available is for one individual predator. Whereas mud crab predation 
increases to an asymptote at about 30 spat/crab, flatworm predation 
peaks at about five spat/worm. 
One explanation for the decrease or stabilization of the predation 
rate at higher prey availability is satiation. Regardless of the 
motivating factor, given a stable population of predators there reaches 
a level of &pat density where the damage due to predation does not 
increase. 
Problems arise when one wishes to apply these data to management. 
It may appear obvious.that if an overabundance of spat are available 
the proportion of survivorship will be greater; however, at this time 
knowledge of the behavior of the predator population as a whole is 
unavailable. It is quite possible that an overabundance of spat will 
attract more predators or increase the reproductive effort or survival 
of the predators. Thus, although predation studies can provide us with 
an estimate of the magnitude of damage due to predation by an individual 
predator, studies of oyster predators at the population level are 
warranted. 
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PROJECT 2 
River Circulation Studies for Revitalization of the 
James River Seed Oyster Industry 
A. Role of Temporal Variations in Gravitational Circulation 
B. Horizontal Circulation and Characterization 
of Larval Movement and Retention 
C. Role of Mesoscale Circulation in Larval Transport 
D. Micro-Circulation and Sedimentation Processes at Wreck Shoal 
Problem Description 
Although the oyster beds in the James River continue to provide 
prodigious quantities of the seed oysters (small oysters about I" in size) 
that are planted and later harvested in other water bodies, production has 
decreased greatly relative to levels typical of the first half of this 
century. The causes of this decline must be known and understood if this 
marvelous natural resource is to be protected and the oyster industry to be 
enhanced. 
Objective 
Historically the James has been the only river in the Commonwealth that 
produced large quantities of seed oysters, suggesting that some natural 
factor, such as river circulation, was responsible. Hence, the primary 
objective of this study is to understand those circulation patterns and 
relate them to the life cycle of the oyster, so that potential management 
options may be assessed in light of that understanding. 
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Approach 
Circulation patterns are complex and highly variable over time. Hence, 
the approach taken has been to first address facets or aspects of the 
circulation separately and then later to integrate the findings into a more 
complete picture. Similarly, the initial emphasis has been on physical 
transport processes; integration of physical and biological factors has 
begun and will continue in the next biennium. 
Findings 
When tidal currents are averaged over several days, one often finds a 
net downriver flow of fresher water near the surface and a net upriver flow 
of saltier water near the bottom. This pattern has been observed in the 
James River. Data from a deployment of current meters during the summer of 
1985 show that the upriver flow near the bottom also tends toward the 
northern (Newport News) shore. When viewed from above, these net flows 
result in a large counterclockwise circulation, or gyre, going from Sewell's 
Point in Hampton Roads to Wreck Shoal near the Warwick River. This 
circulation pattern is shown schematically in Figure 2-1. 
In the vicinity of Newport News Point our studies have documented a 
feature of the circulation which is important to the transport of oyster 
larvae and other materials. At that site water masses converge during early 
to mid stage of flood currents; the more saline waters from Hampton Roads 
dive beneath the less dense waters of the lower James River to depths of 20 
feet or more. This convergence is frequently reflected at the surface as 
sharp "fronts" or boundaries between water masses. Oyster larvae 
distributed throughout the water column downriver of the "front" were 
observed to be passively injected into deeper waters which have a net 
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NET FLOWS 
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Figure 2-1. Schematic diagram of the net circulation 
pattern in the lower James River. 
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upriver movement. Thus, the frontal convergence provides a mechanism 
whereby oyster larvae may complete the counterclockwise circuit within the 
seed oyster area. 
Data from an earlier hydraulic model study were re-examined to assess 
the likely contribution of oyster beds on Hampton Flats to the overall 
productivity of the James River. The results of that work suggest that 
oysters on Hampton Flats may have made significant contributions to the 
larval pool. That conclusion is buttressed by the knowledge that larvae 
from this region would pass through the previously mentioned front and then 
be transported upriver to the seed beds. 
These findings are discussed in more detail in the Technical Summary. 
Relevance to Management of Resources 
The net circulation pattern described in the previous section provides 
a simple yet effective model that can be used by resource managers. For 
example, floods in the Shenandoah Valley in the fall of 1985 caused polluted 
waters which eventually reached Hampton Roads. Local rains also resulted in 
sewage by-passes, and oyster harvesting in Hampton Roads was stopped. 
Health Department officials monitored bacterial counts in the water as the 
flood waters passed through the system. Improvements were first noted near 
Newport News Point and then moved up the northern shoreline. Eventually 
conditions improved along the southern shoreline although the pattern was 
somewhat sketchy, perhaps due to the several tributary streams entering 
along this shoreline. The progression of improved bacterial quality 
corresponds to the general circulation pattern formulated in this project. 
Thus, public health managers have a general model of circulation that will 
permit them to better anticipate the movement of water masses. 
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Analysis of hydraulic model study results suggests that the oyster 
populations once present on Hampton Flats could have been important 
contributors of larvae that eventually set on the seed beds. The area was 
used intensively for the "growing out" of seed oysters taken from upriver 
areas. Thus, one management alternative for revitalization of the industry 
is stocking that area with oyster strains resistant to the disease MSX 
(which wiped out the early stock). It is our understanding that culturing 
such disease resistant oysters is feasible; the desirability and the 
economic returns of doing so should be assessed. The results of studies of 
the genetics of the oyster brood stocks and the application of a three-
dimensional water transport model should be useful in assessing these 
options. Similarly, some oyster bars have been shown to be good receivers 
of larvae; the benefits of focusing shell planting in such areas should be 
assessed. 
The general circulation pattern suggests that the James River is a good 
seed area because the larvae are retained within the system and distributed 
over the many good oyster rocks. The fronts at Newport News Point, for 
example, are believed to transfer larvae from the surface waters (where they 
most likely will be transported out into Chesapeake Bay) to the bottom 
waters which show a net movement back towards the seed beds. While minor 
changes are not likely to have a large effect, actions which break these 
linkages, either singly or in combination, could greatly alter the larval 
transport route and thereby the restocking of the population each year. 
Continuing Effort 
Field measurements will be continued during the summers of 1986 and 
1987. Data from the past biennium and that to be gathered will be analyzed 
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to further document the circulation patterns and describe the flows in 
detail. A separate but related effort involves the application of a three-
dimensional mathematical model of water movement and material transport to 
not only predict currents, but also provide a framework for assembling and 
interpreting the field data. 
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PROJECT 2 
Technical Summary A 
Role of Temporal Variations in Gravitational Circulation 
In partially mixed estuaries, a category that includes most of the 
tributaries of Chesapeake Bay, density differences resulting from variations 
in salinity produce a net flow of fresher water out of the estuary at the 
water surface and a net upriver flow of saltier water near the bottom. This 
so-called gravitational circulation was first observed by Dr. Donald 
Pritchard in the James River estuary in the early 1950's. Field 
measurements over a year's time in the Potomac River in the 1970's suggested 
that this net circulation pattern actually occurred less than half of the 
time. Because the earlier James River measurements were made for only a few 
days, it was not possible to determine whether that was the case in the 
James as well. 
One part of the present study involved the deployment of four current 
meters on a single mooring just upriver of the James River Bridge in 
November of 1984. The two-layer circulation pattern described by Pritchard 
persisted over the period of observation. The vertical profile of the 
average longitudinal velocities is shown in Figure 2-2. 
During the summer of 1985 current meters were again deployed at that 
location and at four other points across the river. The results of that 
deployment corroborate the 1984 findings. The flows near the surface at 
mid-channel were almost always downriver. These flows were relatively 
strong, averaging about 10 cm/sec over the month. Similarly, the flows in 
the deepest part of the channel were almost always upriver and averaged 
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around 7 cm/second. The upriver flows were strongest on the northern 
(Newport News) side of the channel and the plane separating the upriver and 
downriver flow tilted down from the northern shore towards the Isle of Wight 
shore, as shown in Figure 2-3. There is no net upriver flow in the southern 
half of the river. It should be noted that net flows on the order of 5 to 
10 cm/sec result in transport of several kilometers over a day's time. The 
non-tidal currents for each of the current meters are shown in Figure 2-4. 
One must conclude that gravitational circulation is relatively constant 
in the James River in the sense that the two-layered circulation is 
persistent. Although the strength of the non-tidal currents did vary, the 
pattern did not, whereas the circulation patterns were observed to change 
repeatedly in the Potomac. Mathematical model studies corroborate this and 
further_suggest that the net circulation is not substantially altered by the 
lunar cycle (spring tide to neap tide variations). Thus, management 
decisions should be based on an analytic framework which incorporates this 
net, non-tidal circulation. 
76 
FLOOD 
cm/sec 
/ 
/ 
/ 
EBB 
I 
Figure 2-2. Vertical profile·· of average longitudinal 
velocity from a November 1984 deployment. 
Newport 
News 
LOOKING DOWNRIVER Isle of 
Wight Co 
Velocity in cm/sec 
Positive - downriver 
Negative - upriver 
Figure 2-3. Net flow (29 day average) across a transect 
near the James River Bridge. 
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Figure 2-4a. Net or non-tidal currents in July 1985 at Station A 
on the transect just upriver of the James River Bridge. 
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Figure 2-.4b. Net or non-tidal currents in July 1985 at Station B 
on the transect just upriver of the James River Bridge. 
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on the transect just upriver of the James River Bridge. 
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Figure 2-4d. Net or non-tidal currents in July 1985 at Station D 
on the transect just upriver of the James River Bridge. 
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Figure 2-4e. Net or non-tidal currents in July 1985 at Station E 
on the transect just upriver of the James River Bridge. 
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PROJECT 2 
Technical Summary B 
Horizontal Circulation and Characterization of Larval Movement and Retention 
Data from several hydraulic model studies and from earlier field 
studies have been re-examined in order to characterize the horizontal 
circulation in the lower James River. It has been noted in the previous 
section that the net upriver flows are strongest in the deep channel but 
also tend towards the Newport News shoreline. Upriver flows were weak and 
temporary in the entire southern half of the cross-section near the James 
River Bridge. The net effect of these net surface and bottom flows is an 
elongated counterclockwise gyre or loop which encompasses the seed oyster 
beds and is illustrated in Figure 2-5. This circulation pattern allows some 
slight loss of materials upriver past Mulberry Point and substantial losses 
downriver past Sewell's Point. However, despite those losses a significant 
portion of the water and the materials it carries with it is retained. 
Oyster biologists have noted that spatfall varies greatly among water 
bodies. In some rivers, very few spat set on the available shells. In 
other water bodies, the spatfall is very dense. Because the small oysters 
are crowded, survival is poor, and those that do survive often have peculiar 
shapes because neighboring oysters grow into each other. For the former 
case, it is believed that the creek or river retains only a small percentage 
of the larvae produced therein. In the latter case, a much larger portion 
of the larvae are retained. In neither case, however, is the situation 
particularly productive. The James River, on the other hand, tends to have 
a moderate spatfall virtually every year. Recruitment of new oysters is 
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hydraulic irodel dye studies. 
good, but not so good that the small oysters are crowded. One explanation 
of that result is that the James retains a portion of the larvae and, thus, 
is particularly well suited to the production of seed oysters. 
Dye release experiments were conducted in the James River Hydraulic 
Model, which is located in Vicksburg, Mississippi, in 1968 to simulate the 
movement of oyster larvae. The experimental design and initial results were 
reported by Ruzecki and Moncure in 1969; Ruzecki and Hargis have recently 
reported a more thorough analysis of those tests. The experiments consisted 
of releasing dye at six locations and measuring the resulting dye 
concentrations at the 102 locations shown in Figure 2-6. The experiments 
lasted 40 tidal cycles after which an inventory of the remaining dye was 
made. The results of the inventories (which are shown in Figure 2-7} 
indicate that the greatest losses occurred for a release on Hampton Flats 
(release point 6} where 63% of the dye left the river. Similarly, 50% of 
the dye released near the mouth of the Nansemond River (release point 5} was 
lost from the river. These substantial losses notwithstanding, 
approximately 12% of the dye released at these downriver locations moved 
upriver into the primary seed oyster bed region, i.e. between the James 
River Bridge and Mulberry Point (region "a" of Figure 2-7}. 
The upriver progression of dye from these dye injection points is 
illustrated in Figures 2-8 and 2-9, which show lines of constant dye 
concentration along the main channel. Left-hand panels in these figures 
show dye distributions (in parts per billion} at local slack before flood 
and the right-hand panels show the distributions at slack before ebb. When 
averaged over individual tidal cycles, these distributions indicate a net 
upriver intrusion of dye at all levels but especially along the bottom of 
the estuary. The constriction at Mulberry Point imposes a geometric barrier 
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to the upriver transport. The temporal variations in dye concentrations 
indicate the net transport pattern previously mentioned (Figure 2-5). Of 
particular importance is the fact that dye released near the mouth of the 
Nansemond River eventually moved upstream in the channel along the Newport 
News shoreline. This suggests a south-to-north transport across the 
(unsampled) Hampton Roads region. Comparison of these figures suggests a 10 
tidal cycle (5 day) residence time in the Hampton Roads regions while this 
cross-stream transport takes place. The time to complete an entire circuit 
around the loop or gyre appears to be roughly 10 to 15 days, or, in other 
words, larvae are returned to their origin at approximately the time they 
are ready to set or attach to hard surfaces. 
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PROJECT 2 
Technical Summary C 
Role of Mesoscale Circulation in Larval Transport 
The objective of the circulation studies is to understand the physical 
transport processes sufficiently well to be able to advise resource 
managers. In order to achieve that understanding, it is necessary to look 
at the physical processes at a number of scales. For instance, we know that 
the mixing of fresh and salty waters occurs due to molecular diffusion and 
turbulence, both of which can be studied at scales on the order of 
centimeters. However, the sheer size of Virginia's estuaries dictates that 
important processes also occur on much larger spatial scales; the gyre 
described in the previous sections is many kilometers long and even the 
cross-channel variations occur over distances of several kilometers. 
Intermediate between these two scales (kilometers and centimeters) are the 
so-called mesoscale features. Here a typical length would approximate the 
water depth and be on the order of tens of meters. The field studies 
conducted during the last two years indicate that these mesoscale features 
can be quite important to the transport of water and other materials, 
especially near the ends of the gyre. 
The timing of the tides in Hampton Roads is such that the late ebbing 
flows in the natural channel are deflected towards Hampton Flats by the 
early flood tide from Chesapeake Bay. The waters flooding over Hampton 
Flats and the ebbing waters near the Newport News shipyards meet off Newport 
News Point forming a convergence zone. This convergence of water masses 
results in sharp "fronts" or boundaries at which the different character of 
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the two water masses is clearly evident. These fronts appear to form off 
Newport News Point on most flood tides. Dye release experiments have 
demonstrated that the saltier flood waters dive under the fresher ebb waters 
and penetrate to a depth of 5 meters or more. These diving waters entrain 
oyster larvae into the deeper waters which, in turn, transport them upriver 
to the region of the seed oyster beds. The locations at which dye was 
released, dye concentrations were measured, and salinity profiles were made 
are indicated in Figure 2-10. The dye concentrations and salinity profiles 
across the channel at a transect just upriver of Newport News Point are 
shown in Figure 2-11. The location of the fronts changes during flood tide 
as does the depth of the fresher surface layer. These variations are shown 
several times during a flood cycle in Figure 2-12. 
The combined effect of the cross-channel flow and the convergence near 
Newport News Point is that oyster larvae are retained in the system. If 
there were no cross-channel flow, then the larvae would likely be carried 
into Chesapeake Bay. If the cross-river flow occurred but the fronts were 
not there, the larvae would probably remain in the surface layer and again 
be carried into Chesapeake Bay. Because both do occur, however, larvae are 
not only retained but are entrained in the net upriver flows which return 
them to the seed oyster bed region. Thus, mesoscale features (cross-channel 
flow and convergence zones) are important aspects of the circulation with 
regard to oyster larvae. During the next biennium efforts will be continued 
to further describe these features and to formulate conceptual models which 
allow scientists to better understand, and where possible predict, how 
stratified flows respond to complex geometries such as changing channel 
depth and current directions. 
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At the other end of the counterclockwise gyre, Wreck Shoal appears to 
be a topographic feature that is involved with the cross-channel flow. The 
exact role of Wreck Shoal remains to be elucidated. However, field studies 
suggest that abrupt changes in channel depth, such as occur at Wreck Shoal, 
are associated with internal waves and intense mixing. Future efforts will 
be devoted to ascertaining the stratification and flow conditions that are 
associated with different mixing events. 
Field studies in 1985 demonstrated that acoustical sampling is a useful 
tool for the study of these features. A dual frequency echo sounder was 
used to obtain acoustic backscatter images while vertical profiles of 
temperature, salinity, and density were obtained with a "CTD" (conductivity, 
temperature, and depth recorder). A general correspondence between acoustic 
scattering layers and regions of strong vertical density gradients was 
established (see Figures 2-13 through 2-15). The importance of this 
relationship is that CTD measurements can be made only so rapidly. If 
sampling is frequent in space, then the features may have changed by the 
time all stations are sampled. The echo sounder can be moved more rapidly 
and thus reveal features such as internal waves (waves moving along the 
interface of the denser and lighter water masses, comparable to waves at the 
water-air interface). It is believed that some of the scattering which 
occurs results from the accumulation of detritus and planktonic organisms at 
the interfaces. We anticipate coordinated physical and biological sampling 
in the coming biennium to examine the importance of these interfaces 
to biological processes. 
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ACOUSTIC BACKSCATTER IMAGES (300 KHz) WERE RECORDED ALONG LINES 
3 AND 4 (ABOVE) IN THE WRECK SHOAL REGION OF THE JAMES RIVER, 
WHILE (TD PROFILES WERE MEASURED FROM A DIFFERENT VESSEL AT 
NUMBERED STATIONS ALONG THE TRANSECTS, 
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THERE IS GENERAL CORRESPONDENCE BETWEEN THE SHAPE OF THE PYCNO-
CLINE AND THE MID-WATER SCATTERING LAYER IN THESE OBSERVATIONS, 
TAKEN NEAR MAXIMUM FLOOD CURRENT (RIGHT-TO-LEFT), THE ECHO IMAGE 
RESOLVES VARIABILITY BETWEEN STATIONS 4 AND 5 THAT IS MISSED OR 
ALIASED BY THE CTD SAMPLING, BUT DOES NOT DEPICT THE HORIZONTAL 
DENSITY GRADIENTS BETWEEN STATIONS 1 AND 2 REVEALED BY THE IN SITU 
MEASUREMENTS, 
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Figure 2-15 
AT STATION 5, STRATIFICATION IS WEAK AND DISTRIBUTED, AS IS 
THE ACOUSTIC SCATTERING, IN CONTRAST, AT STATION 4, A SHARP 
PYCNOCLINE AT 5 TO 6 M SEPARATES TWO FAIRLY WELL-MIXED LAYERS, 
IDENTIFYING THE WELL-DEFINED SCATTERING LAYER AT STATION 4 WITH 
THE PYCNOCLINE, THE ECHO IMAGE INDICATES THAT THE HORIZONTAL 
SCALE OF THE STRATIFICATION TRANSITION (AND SOME WAVELIKE 
FEATURES) IS MUCH LESS THAN THE CTD STATION SPACING, 
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PROJECT 2 
Subproject D 
Micro-Circulation and Sedimentation Processes at Wreck Shoal 
Problem Description 
The harvest of oysters from the James River and other regions of the 
Chesapeake Bay has declined markedly during the last several decades. 
Factors implicated include disease, predation, biofouling, degraded water 
quality, siltation, and over-harvesting. Some oyster culturists and 
biologists have argued that the role of siltation has been underestimated. 
Episodic siltation may cover an otherwise clean, hard substrate and thereby 
reduce the total bottom area available for attachment of oyster larvae. 
More prolonged siltation may smother small oysters and, in the extreme, bury 
older mature oysters. A strategy used to enhance oyster recruitment is to 
increase the substrate availability by placing clean oyster shell on the 
bottoms (shell replenishment). The success of this strategy depends upon 
selecting areas which will not be significantly impacted by siltation. 
Thus, it is important to understand the siltation processes on oyster beds 
so that appropriate areas for replenishment can be selected. This is 
particularly the case when new areas are to be established. 
Siltation processes on oyster rocks have been very poorly understood. 
In addition to being located in an environment of relatively high 
sedimentation, the oysters themselves produce large volumes of sediments as 
fecal material. How are the oyster rocks maintained in an environment of 
deposition? The project was intended to provide insights into the 
sedimentation processes on oyster rocks. 
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Wreck Shoal, one of the most important seed bed areas of the James 
River, was selected for study. Since this seed bed area contains distinctly 
different types of oyster beds in adjacent areas, the site offered the 
opportunity to compare and contrast the oyster habitat in terms of sediment 
type and water current intensity. The results are directly applicable to 
replenishment efforts in the Wreck Shoal area. 
Objective 
The objective of this project was to determine the principal 
sedimentation processes on oyster rocks and to apply those insights to the 
development of criteria for judging site suitability for shell plantings. 
Approach 
This study was divided into examination of the recent geological 
history of the area, the recent (125 years) morphological changes of the 
bottoms, and the modern processes acting. The recent geologic history is 
essential to understanding since the present day oyster rocks are thought by 
many to be the result of evolving growth as sea level has risen over the 
last several thousand years. Thus, antecedent conditions may exert a 
dominant influence on present oyster rock morphology. The sub-objectives, 
or tasks, included: 1) sub-bottom seismic surveys to trace the evolution of 
the Wreck Shoal area as it pertains to existing oyster reef areas; 2) 
comparison of depth changes in the area at various times between 1854 and 
1984 in order to identify recent morphological changes; 3) quantitative 
sampling of the area to discriminate the different types of oyster producing 
bottoms; and 4) measurements of the currents acting over the different types 
of oyster producing bottoms. 
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The results of the above tasks were then integrated to provide a 
general interpretation of the sedimentation processes and the recent history 
of the Wreck Shoal area. 
Findings 
The principal findings are: 
1. The Wreck Shoal oyster reef started about 1,000 years ago when sea level 
was about 3 meters below the present level. Growth was initiated on 
meander shoals. As sea level rose, the oyster reefs thickened. 
2. By 1870 the main oyster reef was well developed. In addition, a number 
of intertidal (exposed at low water) reefs existed in the Wreck-Point of 
Shoals area. In 1870, the natural channel coursing through Burwell Bay 
was quite deep (about 35 feet). At this time there were extensive 
intertidal oyster reefs on Point of Shoals, and the fringe reefs on 
Wreck Shoal, while subtidal, had very shallow depths. The intertidal 
and shallow subtidal reefs acted to inhibit tidal flow over Point of 
Shoal-Wreck Shoal and focused the tidal flow through the Burwell Bay 
channel, thus maintaining the relatively large depth. By 1940, dramatic 
changes occurred at the Point of Shoal-Wreck Shoal oyster reefs. The 
reefs on Point of Shoal and Wreck Shoal were significantly reduced in 
elevation; those on Point of Shoal were no longer subtidal. 
Correspondingly, the Burwell Bay channel shoaled dramatically from about 
35 feet to 15 feet. This appears to represent a case where strong 
oyster harvesting pressures removed a flow barrier which resulted in 
flow reduction in the main channel and consequent shoaling. Man again 
intervened in the mid-1940's with the excavation of the Rocklanding 
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Shoal channel to accommodate the loss of sufficient depths in the 
natural channel. 
3. The deflation of the oyster reef by harvesting is corroborated by 
carbon-14 isotope dating on shells now within a foot of the oyster reef 
surface. A thin layer of live oysters overlie a substrate of oyster 
shell formed about 400 years ago. Thus, the current "cull law" 
(separation of market and seed oysters from cultch and return of cultch 
to bottom) is not sufficient to maintain the Wreck Shoal oyster reef. 
The continued loss of elevation will eventually deplete the fossil reef 
shell stock. With further reduction in elevation, tidal currents will 
diminish, siltation will increase, and productivity will decrease. 
4. Repetitive side-scan sonar imagery repeated a year apart has documented 
that passage of large commercial vessels over Wreck Shoal is impacting 
the oyster grounds. Scars due to prop wash, with width up to 10 meters, 
have churned about 5 acres of oyster bottom. 
5. The investigations of present day sedimentation processes on Wreck Shoal 
clearly distinguish two types of reef settings. Hard-rock oyster reefs 
are characterized by a relatively thick oyster shell layer, higher 
densities of live oysters, coarse interstitial sediment, and negligible 
sediment cover. Mud-shell oyster reefs, in contrast, have a thin oyster 
shell layer of lower density, fine interstitial sediments, and a 1-2 cm 
layer of fine sediment fluff covering the reef. These differences are 
explainable in terms of mean current speed. At Wreck Shoal the hard-
rock reefs are at present, as in the past, on the shallower parts of the 
shoal. Enhanced current speeds in the shallow water and the roughness 
of the bottom contribute to the resuspension of fine grained sediment. 
Under these circumstances the annual settlement of oyster spat, in the 
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absence of harvesting, would provide the mechanism for vertical growth 
of the reef as the new spat grow on the substrate of live and dead 
oysters. Without harvesting the reef elevation would penetrate into the 
intertidal zone. 
Relevance to Management of Resources 
The study has advanced the understanding of sedimentation processes on 
oyster reefs which, upon refinement and limited additional observations, 
will form the basis for development of site suitability criteria for shell 
replenishment. In addition, several facts of relevance to management have 
been disclosed specific to the Wreck Shoal area: 
I. Reef Damage by Vessel Traffic. Based on the results of the side scan 
sonar study, it is clear that the passage of large commercial vessels 
over the Wreck Shoal is negatively impacting the oyster reef. This 
damage is avoidable if the large commercial vessels would remain in the 
marked navigation channels and not travel over the shoals. 
2. Effectiveness of the Cull Law. The results of the historical 
bathymetric chart comparisons indicate significant losses in bottom 
elevation on the oyster reefs of Wreck Shoal and Point of Shoals. On 
Point of Shoals the intertidal reefs of the 1870's have become subtidal, 
and on Wreck Shoal the bottom elevation losses are greater than 1 min 
the crest of the reef. 
From an oyster resource management perspective, it would appear 
that the present "cull law" (separation of market and seed oysters from 
cultch, and the return of cultch to the bottom) is not serving to 
maintain the Wreck Shoal oyster reef. The continued loss of elevation 
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on Wreck Shoal will eventually deplete the fossil reef shell stock. In 
addition, other aspects of this study suggest that a loss of elevation 
results in diminished local bottom currents over the bed, and this may 
lead to increased siltation and decreased productivity. The stricter 
enforcement of the existing "cull law" or implementation of a new "cull 
law" would only serve to decrease the efficiency of harvesting activity 
and drive the price of seed and market oysters upward, reducing demand. 
An alternative approach would be to balance the harvesting loss of 
cultch with sparsely planted new shell stock. This shell could be 
"sprinkle planted" over the most productive reef areas at rates of 300 
bushels per acre (43 shells per square meter), based on 600 shells per 
bushel. A sparse planting of shell would not bury the existing reef or 
live oyster, but only supplement the annual loss of cultch due to 
harvesting. 
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PROJECT 3 
Effect of Chlorinated Sewage on Spatfall of the American Oyster 
Problem Description 
Treated sewage is chlorinated prior to discharge in receiving waters in 
an effort to stop the transmission of human diseases communicable by contact 
recreational activities or by consumption of seafood. It has been 
' 
demonstrated in laboratory tests that chlorinated sewage, when diluted in 
estuarine water, is toxic to oyster larvae at concentrations equal to or 
perhaps slightly below those which can be determined analytically, and 
within a range which might occur in natural situations. 
Objectives 
The project was designed 1) to obtain laboratory data to confirm 
previous research showing that oyster larvae are inhibited from settlement 
by exposure to chlorinated sewage effluent mixed with estuarine water, and 
2) to evaluate whether effects of chlorinated treated sewage on settlement, 
survival and growth could be detected at a site receiving chlorinated sewage 
effluent. 
Approach 
The approach to the objectives involved three activities: 1) 
laboratory tests to determine the dilution of chlorinated sewage required to 
eliminate adverse effects on oyster larvae at the point in their life cycle 
when they leave the water column and attach to a substrate; 2) field surveys 
with sampling at a series of stations surrounding an actual sewage plant 
discharge at which chlorination is a routine practice; and 3) field 
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experiments in which oyster spat set onto a suitable substrate in the 
laboratory were exposed to natural waters to monitor survival and growth 
over one-week exposure periods. The latter two efforts were aimed at 
assessing whether a reduction in oyster larval attachment may occur in the 
field and whether prolonged exposure could cause an adverse effect on any 
spat which successfully attached to the substrate. 
Findings 
Laboratory experiments confirmed the results from previous research. 
Oyster larvae at the settlement stage are inhibited from attaching and 
metamorphosing at chlorine residual concentrations exceeding 0.01 to 
0.03mg/l. Dechlorination markedly improved settlement, in some cases 
resulting in settlement exceeding that found in control treatments. The 
experimental design used is not an exact mimic of field conditions since 
larvae are continuously exposed to the specified chlorine residual, which 
would not be the case in the field. 
In the field surveys, there was no evidence that spatfall was 
completely inhibited at any station, or that settlement was reduced in the 
immediate vicinity of the discharge from the James River Sewage Treatment 
Plant during the summer of either 1984 or 1985. Spat set on substrates in 
the laboratory grew and survived equally well at all stations when 
outplanted to the survey stations during four one-week test periods during 
1985. Thus, there is no evidence of an impact of chlorinated sewage from 
the James River Sewage Treatment Plant on settlement, survival, or growth of 
oyster spat in the James River even at stations close to the discharge 
point. 
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Relevance to Management of Resources 
The results of this research project relate directly to decisions 
regarding actions to be taken in regulating chlorination at sewage treatment 
plants. The laboratory experiments might suggest that dechlorination be 
instituted or that chlorination should be adjusted to reduce the amount of 
residual reaching the receiving water. Field studies at a plant operating 
under the present regulations without dechlorination show that there were no 
demonstrable adverse effects in the real world situation where residual 
decay was permitted and far-field dilution occurred. These data may support 
a reexamination of the management changes planned for chlorinated sewage at 
least into large receiving water bodies where dilution rates are high. 
Continuing Effort 
The results of the project are being completely analyzed and reports 
prepared for publication in the scientific literature. No further research 
is planned for the immediate future since no adverse effect has been 
demonstrated in the field. Since there is a plan to dechlorinate the 
effluent at this plant scheduled for implementation in 1987 or 1988, a 
monitoring/field experimental program is contemplated for the summer 
following implementation of the modified operation. 
108 
PROJECT 3 
Technical Summary 
A series of laboratory experiments were completed which verified the 
results of a previous study. Concentrations of chlorinated sewage yielding 
chlorine residuals as low as 0.01 to 0.03mg/l were found to inhibit 
settlement by oyster larvae. The limiting chlorine residual cannot be 
precisely specified because different values were obtained with different 
lots of secondary treated sewage effluent, presumably reflecting subtle 
differences in the effluent. Chlorine residuals of the magnitude shown in 
laboratory tests to inhibit spatfall are below the concentrations originally 
thought to result from initial dilution at the James River STP discharge. 
It must be recognized that the laboratory tests mimic dilution at the 
point of discharge only. They do not mimic either the relatively rapid 
decay of chlorine residuals which would occur in the natural environment or 
the further dilution of the effluent with distance from the discharge point. 
Either of these factors could result in significantly better settlement and 
metamorphosis in the field than predicted by the laboratory experiments. 
Field research was therefore necessary to further evaluate the impact of 
discharge of chlorinated treated sewage effluent. 
The laboratory experimental design also included a series of exposure 
treatments which involved mixing sewage effluent after chlorination followed 
by dechlorination with estuarine water to evaluate what might happen if 
dechlorination were added to the treatment process at the STP. 
Dechlorination was found to reduce or eliminate the inhibition of settlement 
even at the highest treated sewage concentrations (i.e., the highest 
chlorine residuals). 
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The 1984 survey extended from mid-July to early September. The survey 
was repeated beginning in early June 1985. Station locations were similar 
though not identical during the two survey years (Fig. 1). In addition, 
there were three additional stations in 1985 which were not occupied in 
1984. 
Water temperature in both years followed the normal seasonal trend, 
averaging about 24°c in June, increasing to a maximum of 30°c in July and 
August, and then declining rapidly to about 22°c by early September. There 
were no significant differences in water temperature among the stations in 
either year. 
There were no significant differences among mean salinities averaged 
over time at each sampling location in either 1984 or 1985, although there 
were significant temporal differences. In 1984, salinity varied between 
10 and 15°/oo, with an overall mean salinity range between 11 and 13°/oo for 
the 13 stations. In 1985, the salinity range was broader, ranging from 5 to 
20°/oo; the overall mean salinity was slightly higher, ranging between 13 
and 15°/oo for the 16 stations occupied in 1985. In neither 1984 nor 1985 
was the salinity at Station 1 nearest the discharge measurably reduced 
compared to the other sampling stations at any point in time. 
A 1 part sewage to 19 part estuarine water mixture comparable to that 
used in the laboratory experiments would result in a reduction of salinity 
of nearly 1°/oo at the point of discharge. Therefore, it would appear that 
the dilution rate in the field was somewhat greater than that used for the 
laboratory experiments. 
Oxygen concentrations during both years were in the normal range for 
the observed salinity and temperature at all stations. In general, the 
oxygen concentration was above 80% of saturation, and usually approximated 
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100%. Only twice was the percent of saturation below 70%, once at Station 5 
(Wreck Shoal channel) in mid-September 1984, and once at Station 9 in mid-
September 1985. In no case was oxygen concentration considered to be 
unacceptable for oysters or in violation of state standards. 
The dominant sessile components of the macrofouling community were 
barnacles (juveniles and cyprids) and secondarily, oysters. All other 
sessile organisms were observed to settle over short increments of time and 
limited areas, and will not be discussed further. 
While not the species of primary interest, barnacles were the 
overwhelming dominant species in the community. Total barnacle settlement 
was about 30,000/m2 in early August 1984, declining to a few thousand/m2 
during the last two weeks of August and the first week of September. The 
1984 peak in settlement probably occurred prior to the initiation of the 
study. In 1985, barnacle settlement peaked in mid to late June with a 
maximum of about 300,000/m2 and fluctuated at lower levels subsequently. 
During the coincident period for the 1984 and 1985 surveys, barnacle 
settlement for equivalent weeks was similar, though heavier in 1985 by as 
much as an order of magnitude in some weeks. 
Throughout both years, it was clear that barnacles tended to settle on 
the under surface of the setting substrate to a greater extent than on the 
upper surface; the difference in density was about one order of magnitude. 
It was equally clear that there were no consistent differ~nces in settlement 
as a function of distance from the sewage discharge in either year. During 
1984, there seemed to be somewhat reduced settlement at three stations all 
about 0.3 miles from the discharge point (Stations 6, 7, and sometimes 2), 
but this was not substantiated in 1985. In contrast, there was certainly no 
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depression of settlement at Station 1, immediately adjacent to the discharge 
point. 
Oyster settlement in 1984 was restricted to the first three weeks 
beginning 26 July and ending 16 August, with the maximum settlement during 
the final week of this period. Maximum settlement approached 30,000/m2, but 
was generally less than 300/m2 during the prior two weeks. There was some 
suggestion in the data that settlement was higher on the upper surface than 
the under surface. In any case, there was no clear indication of a 
depression in oyster settlement in the vicinity of the discharge from JRSTP. 
In 1985, there was only minor settlement of oyster larvae during the 
first three weeks of June. During the final week of June, settlement 
reached as high as 1,500/m2, peaked during the second and third week of July 
at about 3,000/m2, and subsequently declined to <300/m2 for the remainder of 
the survey period. Oyster settlement during this latter period was 
extremely patchy, but variations were seemingly unrelated to location 
relative to the discharge point. As in 1984, settlement was slightly higher 
on upper surfaces of setting plates. During periods of peak settlement, 
there was no evidence of depressed settlement in the vicinity of Station 1 
near the discharge. 
Four experiments were performed spanning the warm months to assess spat 
survival and growth. The first experiment was performed in early June (7 to 
14 June 1985), the second experiment in late June/early July (28 June to 5 
July, 1985), the third experiment in early July (5 to 12 July 1985), and the 
final experiment in early September (30 August to 6 September 1985). 
The overall mean growth increment was 0.58 + 0.60 mm/mm initial length 
in Experiment 1, 1.10 + 0.56mm/mm initial length in Experiment 2,. 1.71 + 
0.69 mm/mm initial length in Experiment 3, and 1.41 + 0.70 mm/mm initial 
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length in Experiment 4. The differences in growth in the four experiments 
can be best explained as the result of temperature fluctuations. There was 
no significant difference in growth increment among stations during the 
first two experiments, whereas there were small but significant interstation 
differences in the latter two experiments. There was a general tendency for 
spat on plates facing downward to have slightly higher growth increments 
than those plates facing upward. In general, mean growth increments at 
Station 1 and other stations near the outfall were slightly greater than 
those at stations more remote from the discharge. 
Survival varied greatly among stations but not among experiments. 
r 
Within any given experiment, survival at the 16 stations varied between 16 
and 100%. There was no apparent relationship between survival and station 
location during any experiment. Furthermore, there was no relationship 
between survival and growth increment at each station either within any 
single experiment or when all experiments were considered together. 
To summarize, in the field measures of recruitment, oyster spatfall was 
not inhibited even in the immediate vicinity of the discharge point, i.e. 
Station 1. Observed interstation differences in settlement seem to be 
related to the reach of the rivers in which groups of stations are located, 
suggesting patchy distribution of oyster larvae in time and space rather 
than an effect of the sewage discharge. 
During both 1984 and 1985, an extensive survey of weekly spatfall 
covering the entire length of the James River seed beds as well as other 
major tributaries of the lower Chesapeake Bay, part of the on-going spatfall 
monitoring program of the Institute, included a Wreck Shoal station located 
slightly upstream from Station 5 of the present spatially intensive study. 
The method of sampling in the monitoring program differs in some details, 
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precluding quantitative comparisons, but, nevertheless, one can compare 
trends in relative settlement. 
Based on the extensive survey, settlement during 1984 was low 
throughout the James River prior to the interval 13-20 August, and declined 
dramatically during the succeeding week. This general pattern was also 
apparent at the Wreck Shoal station, the station nearest the intensive study 
area. In 1985, the peak in settlement at the Wreck Shoal station occurred 
during the two weeks from 10-17 July and 17-24 July. Thus, in both years 
the periods of peak settlement for the extensive and the intensive studies 
corresponded reasonably well. Further, the prolonged period of peak oyster 
spat settlement in 1985 was apparent in both surveys. 
It should be emphasized that maximum settlement in the intensive study 
was markedly greater in 1984 than 1985. At the Wreck Shoal station of the 
extensive monitoring program, no such difference existed, further 
emphasizing the temporal and spatial patchiness of larval distribution and 
settlement. 
In sharp contrast to the present results, a report on oyster spat 
settlement in New Haven Harbor, CN, indicated dramatic inhibition in 
spatfall at two of six stations, one adjacent to the East Shore STP, the 
other at a relatively remote seaward location. Measured total residual 
chlorine (TRC) concentrations were greatly elevated at the stations where 
spatfall was inhibited, ranging between 0.27 and 0.33mg/l TRC. These 
residuals are at least an order of magnitude above predicted and previously 
measured TRC concentrations at the James River study site. 
The importance of the comparison to the New Haven Harbor study is that 
it demonstrated that if chlorine residuals were high enough, one could 
detect depression of oyster larval settlement in the field situation. 
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Failure to detect an effect in the present instance, therefore, can safely 
be interpreted as evidence that existing conditions near the James River STP 
do not negatively affect oyster larval settlement. 
Based on the limited laboratory results in the New Haven Harbor study 
and those of this study, the field results in New Haven Harbor would be 
predicted; the ambient field levels were at least IO-fold greater than 
concentrations shown to result in spatfall inhibition in the laboratory. It 
is interesting to observe that no spatfall inhibition was reported at three 
stations in New Haven Harbor where mean TRC was 0.16-0.19mg/l, considerably 
above the concentration reported to cause nearly total spatfall inhibition 
in the present study. This observation emphasizes the importance of factors 
affecting TRC toxicity which cannot be adequately represented in laboratory 
tests. 
While no impact on initial settlement was detectable, this does not 
mean that there might not be significant effects on mortality and growth of 
young spat leading to reduced yields at stations near the discharge. During 
the four experiments in 1985 spanning the period from June to September, 
there were distinct differences in growth between experiments. There were 
no significant differences among stations within any experiment attributable 
to proximity to the discharge. The differences between experiments seem to 
relate to temperature, with larger mean growth increments when the 
temperature was above 2s0c than when it was below 2s0c. Although survival 
rates ranged from 16 to 100%, there were no consistent differences in 
survival rate by station nor were there significant differences in survival 
rate among experiments. 
If these results derived from laboratory cultured spat transplanted 
into the James River represent the growth responses of newly set oyster spat 
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in general at these stations, and if these results can be extended as a 
model for what might occur over the first year of spat growth, oyster spat 
which settle naturally at any of .these stations should have an equal, albeit 
low, probability of survival to a mature size within about the same time 
increment. 
There is no necessity for continuation of the intensive field 
monitoring of spatfall in the vicinity of the discharge so long as no 
changes are made in the operating parameters at the treatment plant. In the 
event that dechlorination is implemented (presently scheduled for 1987) or 
the level of chlorination is changed, up or down, the monitoring stations 
used for this study should be reoccupied to assess whether any changes in 
settlement success result. There remains an outside possibility that 
reduced chlorine residuals could lead to an increased spatfall in the 
vicinity of the discharge. This could occur, for example, if under present 
conditions positive impacts on spat settlement, survival, and growth are 
contravened by negative impacts of chlorine residuals. Alternatively, the 
impact of chlorination may be so pervasive within the James River that 
spatfall reduction occurs over an area greater than that included within the 
study. The likelihood of either situation being the case may be small but 
cannot be ruled out by available data. 
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PROJECT 4 
Development of Models Relating Environmental 
Variations with Strength of Recruitment of Virginia's 
Populations of Croaker, Summer Flounder and Spot 
Problem Description 
The Chesapeake Bay is an important nursery area for croaker, summer 
flounder and spot, all of which spawn on the continental shelf in the fall-
winter period. Because of the time and place similarity in life history, 
these three species are probably affected by similar wind and temperature 
regimes. Juvenile recruitment of these species to the Chesapeake Bay varies 
greatly year to year. Examination of environmental factors affecting the 
vulnerable periods in the early life history of each species may explain 
this recruitment variation. Investigation of the climatic environment both 
on the shelf and in the estuary should promote an understanding of the 
vulnerability of these early life stages and lead to a quantification of 
their effects on finfish recruitment. 
Objectives 
The objectives of this project are: 1) to identify the trends and 
cyclic components of recruitment of juvenile croaker, summer flounder and 
spot; 2) to investigate the distribution of these target finfish species 
during various stages of their life history which affect recruitment, such 
as larvae, juveniles, and spawning adults; 3) to identify the trends and 
cyclic components of environmental variables associated in time and space 
with effects on juvenile finfish recruitment; 4) to generate an index of 
juvenile recruitment for summer flounder and spot based on historical data; 
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and 5) to incorporate the physical variables into conceptual and statistical 
models which will provide accurate assessments of future juvenile finfish 
stock size, and hence recruitment. 
Approach 
A basic model of finfish life history stages in which recruitment 
potential may be affected identifies the larval and juvenile stages to be 
the most vulnerable. Times and places are identified in each life history 
when the species is most vulnerable to climatic variables. This is done 
through examination of historical data as well as field sampling. The 
physical environment is examined to identify factors which fluctuate during 
those vulnerable periods. The relation between climatological and 
biological conditions are investigated to quantify the effects of the 
physical environment on fish recruitment. 
Findings 
The existing model for Atlantic croaker, in which recruitment is 
dependent upon fall winds on the continental shelf and winter water 
temperatures in the rivers, has been updated to include data through 1985. 
Investigation of recruitment of croaker in recent years (1983-85) shows a 
dominant year-class in the summer of 1983 as was predicted. Additionally, 
the predictions for the next two years were accurate, 1984 produced a good 
year-class and 1985 resulted in another dominant year-class. The refined 
model, which incorporates these data, predicts a dominant young-of-the-year 
class for the summer of 1986. 
A generalized distribution chart of summer flounder in the Middle 
Atlantic Bight by season and life stage has been compiled. The distribution 
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of the flounder and knowledge of the physical oceanography of the Middle 
Atlantic Bight lead to the hypothesis that the Chesapeake Bay and the 
Eastern Shore of Virginia and the sounds of North Carolina are the primary 
nurseries for summer flounder. This is because planktonic (floating in the 
water column) larvae move with prevailing currents and wind-driven water 
movements. Winds blowing offshore would result in the loss of larvae. In 
general, from September to November, when flounder larvae have been captured 
north of the Chesapeake Bay, the direction of the wind is toward the south 
and west. This, combined with the mean southerly longshore flow, should 
then result in transport of flounder into the Chesapeake Bay. 
From January through June, we have conducted a preliminary sampling 
program in search of juvenile summer flounder during their first year within 
the estuary. We did not locate them until April, and it is significant to 
note that the flounder were not confined to sandy areas behind the barrier 
islands as is commonly thought. We sampled with various gear in various 
locations and discovered juvenile summer flounder on both the seaside and 
bayside of Virginia's Eastern Shore as well as the York River. The 
flounder, among the smallest ever recorded, were found mainly in shallow 
waters over muddy bottoms in all three locations. 
Juvenile flounder are known to be affected adversely by cold 
temperatures during their second winter. Previous research at VIMS has 
shown that flounder, when weakened by cold temperatures, may die from 
infestations of a parasite. These transport and temperature hypotheses are 
summarized in a conceptual life history model of summer flounder. 
Investigation into the life history of spot produced the hypothesis 
that, contrary to popular belief, spot do not spawn in the Middle Atlantic 
Bight, but rather south of the warm water convergence zone near Cape 
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Hatteras. As shown by an analysis of seasonal bottom temperatures, the 
appropriate warm water is not present in the Middle Atlantic Bight during 
the winter spawning season of spot. From this area around Cape Hatteras, 
spot will be recruited to estuarine nursery areas of the Chesapeake Bay and 
Pamlico Sound. Therefore, transport on the shelf is thought to be an 
important factor affecting recruitment of spot to the Chesapeake Bay. 
Because recruitment to the estuary is in the spring, cold water 
temperatures do not affect spot either by direct mortality as croaker or 
indirect parasite-induced mortality as flounder, so temperature will not be 
a factor in the spot model. However, young-of-the-year spot are major 
components of North Carolina long-haul seine and pound net fisheries. If 
recruitment is to Pamlico Sound, mortality of juveniles may be significantly 
higher (i.e., due to fishing in North Carolina) than mortality at the same 
time in the Chesapeake Bay. This factor may be quite difficult to quantify 
in a predictive model because of lack of historical data. 
Relevance to Management of Resources 
Estimates of annual recruitment to fishable stocks of the principal 
commercial and recreational finfish species of Virginia waters are needed in 
the development of Fishery Management Plans (FMP's) by the Virginia Marine 
Resources Commission (VMRC). This project is to develop models for 
prediction of juvenile recruitment for summer flounder and spot, based on a 
model successfully developed for the Atlantic croaker, and to update and 
refine the croaker model. The VMRC has expressed an interest in the 
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development of a juvenile flounder index which they hope to use in directing 
the management of this fishery. VMRC expects federal management plans to be 
developed for flounder by the Atlantic States Marine Fisheries Commission 
and the Middle Atlantic Fisheries Management Council. Virginia management 
plans for croaker and spot will be developed following the completion of the 
flounder plan. VMRC anticipates using the results of this research project 
to determine Virginia's degree of compliance with the federal management 
plans. 
There have not been three strong year classes of croaker in succession 
since the mid-1970's. The past three years have produced good-dominant year 
classes and a fourth is expected this year. The recent removal of the size 
limit on croaker should have no effect since there are plenty of fish 
available, and it is not necessary to take precautions to preserve a 
spawning stock. Knowing this and the fact that there should also be 
sufficient numbers of a catchable size for the next two years should remove 
croaker as an immediate concern for VMRC, as well as please the commercial 
and recreational fishermen. Prior knowledge of precariously low stock sizes 
will allow for restrictions to be imposed as needed to protect the spawning 
stock. 
Continuing Effort 
1. Rework the mathematics of the present croaker model to find a more 
simplified and usable form. 
2. Update the data collected by the VIMS trawl surveys. 
3. Final error check and manual correction of flounder data from VIMS 
trawl survey. 
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4. Based on the VIMS trawl survey, development of a juvenile index 
for 1+ summer flounder as an index of recruitment to the 
Chesapeake Bay. 
5. Development of a fall-winter wind index by which to quantify the 
successful juvenile recruitment of summer flounder spawned in the 
Middle Atlantic Bight. 
6. Field sampling for flounder newly recruited to the estuary and 
analysis of their early life history within the estuaries. 
7. Development of a statistical equation which explains juvenile 
flounder recruitment based on winds on the shelf one fall and 
winter temperatures in the estuary the following year. 
8. Field sampling of newly recruited flounder to verify the model. 
9. Continue error checking of spot data from VIMS trawl survey. 
10. Further investigation of winter circulation patterns around Cape 
Hatteras and wind-induced transport at that time. 
11. Development of a predictive equation for spot based on hypothesis 
stated here. 
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PROJECT 4 
Technical Summary 
A predictive model for juvenile croaker (Micropogonias undulatus) was 
developed as a test case in 1983. That original model was based on winds on 
the continental shelf and water temperatures within the Bay. In that 
conceptual model, details of each life stage were identified and quantified 
prior to the formulation of a comprehensive mathematical model including all 
factors (Figure 1). 
Larval recruitment in flounder and spot also is likely to be affected 
by wind driven transport between the shelf spawning site and the estuarine 
nursery, while juvenile recruitment is dependent upon factors affecting 
survival within the estuary. Since flounder and spot have early life cycles 
similar to that of croaker, it will be necessary to examine historical and 
current length/frequency distributions by time frames of a month or less in 
order to determine year-class contribution. 
Data Bases 
The average daily Norfolk, Virginia wind vector data base is 
continuously updated as data become available. The daily VIMS pier 
temperature data base is updated monthly. The VIMS juvenile finfish survey 
data (1954-present) have been corrected through 1980. Croaker, flounder and 
spot data are being double checked separately and entered into a data 
management format. 
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Atlantic croaker 
The original predictive model for juvenile croaker (Micropoqonias 
undulatus) was used to predict recruitment for the summer of 1983. 
Temperature and wind data needed to run that version of the croaker model 
since 1983 have been analyzed and updated. The actual trawl survey 
collections from the recent (1983-85) years have also been analyzed and 
juvenile indices generated (Figure 2). The data show that juvenile 
recruitment of croaker to the Virginia portion of the Chesapeake Bay has 
improved greatly and, within the time frame of the VIMS data, is second only 
to the mid-70,s. 
Under the current form of the croaker model, winter temperature is the 
factor which has the most effect on the survival to the first summer. When 
calculated survival, based only on winter temperature, is compared to data 
collected by the VIMS trawl surveys, one sees that the mathematical 
relationship underpredicts survival (Figure 3). That means that the current 
form of the model is conservative and that the year class is likely to be 
even better than predicted. 
The complete model for Atlantic croaker, in which recruitment is 
dependent upon fall winds on the continental shelf and winter water 
temperatures in the rivers, has been updated to include data through 1985 
and the form of the model has been refined with the inclusion of each year,s 
data. Investigation of recruitment of croaker in recent years (1983-85) 
shows a dominant year-class in the summer of 1983 as was predicted. 
Additionally, the model correctly predicted that 1984 produced a good year-
class and 1985 resulted in another dominant year-class. The refined model, 
which incorporates these data, predicts there will be a dominant young-of-
the-year class for the summer of 1986 (Figure 4). Since the most vigorous 
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1990 
part of the model, the temperature, has been shown to be conservative, it is 
more likely that this prediction of a dominant year-class will be correct. 
Summer Flounder 
A thorough examination of the literature on summer flounder 
(Paralichthys dentatus), as well as contacts with prominent researchers in 
the field, lead to the creation of a generalized distribution chart of 
summer flounder in the Middle Atlantic Bight by season and life stage 
(Figure 5). Seasonal movements, as indicated by distribution and tagging 
studies, are indicated by arrows. Though both mature and immature adults 
age II or older are known to be in Long Island Sound, Delaware Bay, 
Chesapeake Bay, and Pamlico Sound in the summer, the shading in Figure 6 
does not depict this. Since both distributions could not be shown, that 
distribution of adults is assumed and the uncertain distribution of juvenile 
summer flounder is indicated within the estuaries of Delaware Bay, 
Chesapeake Bay and the North Carolina sounds with question marks. 
Summer flounder are thought to spawn in a north-to-south progression as 
they migrate in the fall to outer continental shelf demersal wintering 
grounds. There is some evidence which indicates there may be separate 
stocks of this species maintained by geographically isolated spawning sites. 
The northernmost component appears to spawn north of Delaware Bay, with a 
middle component spawning from Virginia to Cape Hatteras, and a southern 
component spawning south of Cape Hatteras. The spawning season is thought 
to be September to December north of Chesapeake Bay and November to February 
south of the Bay. Alternatively, these apparent 'separate' sites may be 
manifestations of the protracted spawning which is characteristic of summer 
flounder. Acceptance of this alternate hypothesis, however, does not 
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Figure 5. Distribution of summer flounder in the Middle Atlantic 
Bight, by season and life stage. 
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eliminate the possibility of two distinct stocks. There are indications of 
a northern stock in which both adults and juveniles are found nearshore and 
in the estuaries in the summer, but only juveniles are found nearshore in 
the winter, with mature(> age III) adults concentrated offshore north of 
Chesapeake Bay. Around Cape Hatteras a different pattern emerges, with both 
adults and juveniles found nearshore in the summer and winter. If there are 
two stocks, it is possible that the southern stock produces individuals 
which mature at a smaller size and age (II). In 1986, the VIMS Fisheries 
Department, under a separate contract, will address this problem of separate 
stocks by tagging inshore populations of summer flounder in Virginia and 
North Carolina. If two stocks are shown to exist, that study will attempt 
to estimate the relative contribution of each stock to the total Virgina 
population. 
Regardless of stock differences, eggs and larvae are found in the 
continental shelf waters. Thus planktonic larvae are vulnerable to 
prevailing currents as well as wind-driven water movements. It is "common 
knowledge" according to the literature that juvenile (O+) summer flounder 
use estuaries as nursery grounds, but they are rarely captured in sounds and 
estuaries prior to metamorphosis. Based on this assumption, our analysis of 
winds will consider wind-driven transport toward estuarine inlets to yield 
successful recruitment. Winds blowing offshore would result in the loss of 
larvae. In general, in September, October and November, when summer 
flounder larvae have been captured north of the Chesapeake Bay, the 
direction of the wind is toward the south and west. This, combined with the 
mean southerly longshore flow, would then result in transport of flounder 
into the Chesapeake Bay (larval drift in Figure 5). However, successful 
transport may not necessarily be into the Chesapeake Bay, but rather into 
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Pamlico Sound, through Oregon Inlet in North Carolina. With two stocks 
geographically separated by Cape Hatteras, Pamlico Sound is hypothesized as 
a common nursery, with entering and exiting of the estuary occurring through 
the same inlets (i.e., north and south of Hatteras). 
Because adult stocks seem to advance northward yearly, it may actually 
be that good juvenile recruitment to the Chesapeake Bay supplies adults for 
the fisheries farther up the coast while juvenile recruitment to warmer 
waters of North Carolina determines the success of the fishery in Virginia. 
(This is analogous to the striped bass spawners in the Chesapeake Bay 
providing the catch for New England.) Hopefully, this question will be 
addressed both by this study through the analysis of wind direction and by 
the tagging analysis of flounder stocks. 
In the previous model developed for the Atlantic croaker, successful 
recruitment into the Chesapeake Bay was indicated by a measure of juvenile 
croaker inside the Bay in the fall. This index of fall recruitment was 
regressed on fall winds to yield an algorithm for croaker transport. 
However, careful examination of the trawl survey data reveals no record of 
juvenile flounder in the Bay in the fall. In fact, juvenile flounder are 
not regularly sampled by the VIMS trawl until June of the following summer, 
when they are nearly 100 mm. This appears to be due to gear avoidance and 
to sampling in the wrong areas. 
Flounder are known to be affected adversely by cold temperatures (i.e., 
they are weakened by the cold and succumb to parasite infestations). 
Therefore, this is the most likely parameter to first quantify for this 
species. However, it is likely that an average temperature may not be the 
appropriate way to analyze this relationship. Flounder, as well as croaker, 
may be affected by the magnitude and time scale of the change in 
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temperature. Terms shorter than monthly and/or 3-monthly averages used for 
the croaker model will be investigated. This species is thought to spawn 
just outside the mouth of the Chesapeake Bay. The juveniles are affected by 
winter conditions within the Bay. Transport into the Chesapeake Bay versus 
into Pamlico Sound is also considered important. Because adult stocks seem 
to advance northward yearly, it may actually be that good juvenile 
recruitment to warmer waters of North Carolina determines the success of the 
fishery in Virginia. However, an index of juvenile recruitment in North 
Carolina is not readily available; therefore, wind transport data will be 
I 
used as an indicator. 
We will analyze the abundance of flounder (O+) collected during the 
summer by the VIMS trawl survey, but are not confident that this is an 
appropriate measure of wind-driven transport. Since an observed index of 
juvenile flounder recruitment is not now available for either state, the 
wind transport data will be used as an indicator without correlating it to 
estuarine collections of flounder in the fall and winter. 
The Chesapeake Bay and the the Eastern Shore of Virginia and the sounds 
of North Carolina are thought to be the primary nurseries for summer 
flounder (O+ and I+, Figures 5 and 6). Inspection of data collected 
throughout the mid-Atlantic states and North Carolina reveals a substantial 
gap in data of summer flounder newly recruited to the estuaries (i.e., the 
distribution of very young juveniles is not known). Juvenile flounder are 
thought to prefer the more saline areas of the lower estuary; therefore, we 
have begun a sampling program which extends the monthly trawl surveys to 
include the lower Bay as well as additional field sampling on the Eastern 
Shore of Virginia, both seaside and bayside. The dates and places which we 
have sampled for the last six months (January-June 1986) are listed in 
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Figure 6. 1986 field stations for sampling juvenile summer flounder. 
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Table 1. The most significant discovery was that juvenile flounder were not 
as easy to locate within estuaries as the literature assumed.· Although we 
sampled the channels of the lower Bay and the Eastern Shore starting in 
January, we did not find any juvenile summer flounder until April (Table 2). 
Not only were the flounder in the shallows and not in the channels, but they 
were originally found on mud instead of sand bottoms. 
Table 2 lists all successful collections of juvenile summer flounder 
from collections on the seaside and bayside of the Eastern Shore and from 
local collections on the western shore (Figure 6). The length frequencies 
of all juvenile summer flounder less than 100 mm from these collections are 
shown in Figures 7 through 16. These figures demonstrate that we did indeed 
collect young-of-the-year summer flounder. In fact, we have captured more 
small flounder than ever recorded in the literature. When compared with 
each other, these length-frequency plots show the geographic distribution of 
flounder by size and growth rates over time. These prelimary collections 
are being used to design a field program in which we will sample newly 
recruited summer flounder on the Eastern and Western Shore during the 1986-
87 fiscal year. We plan to use these field collections to evaluate the time 
and place at which the flounder enter Virginia's waters. We also intend to 
follow movement of the new year class of flounder within the estuaries so 
that we can assess the vulnerability of the juvenile stages to environmental 
stress. 
It is unknown whether newly recruited flounder are affected by winter 
conditions within the Bay, since they are not sampled at this time. 
Flounder are known to be affected adversely by cold temperatures during 
their second winter (I+). Burreson and Zwerner (VIMS) have shown that 
flounder are weakened by cold temperatures and succumb to infestations of 
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Table 1. Summary of 1986 juvenile summer flounder cruises. 
CRUISE 
# 
FL8601 
FL8602 
FL8603 
FL8604 
FL8605 
FL8606 
FL8607 
FL8608 
FL8609 
FL8610 
FL8611 
VIMS 
VESSEL 
JOHN SMITH 
JOHN SMITH 
JOHN SMITH 
whaler 
JOHN SMITH 
john boat 
JOHN SMITH 
SEAGULL 
SANDPIPER 
JOHN SMITH 
SEAGULL 
1986 
DATE 
31 Jan 
19 Feb 
27-28 
Mar 
CRUISE 
LOCATION 
Chesapeake Bay 
Chesapeake Bay 
Eastern Shore 
Seaside 
8-9 Apr Wachapreague 
17-18 Eastern Shore 
Apr Bayside 
9 May Wachapreague 
16 May Chesapeake Bay 
12 Jun York River 
17-19 Eastern Shore 
Jun Seaside 
20 Jun Chesapeake Bay 
26-27 York River 
Jun 
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STATION 
NAME(#) 
CBl-7 (8) 
CBl-7 (7) 
CB4-7 (3) 
ESl-14 (15) 
ESI7 (1) 
BSl-25 (32) 
ESlS-17 ( 7) 
CBl-7 (9) 
YKl-4(7) 
ESlS-25 (17) 
CBl-7 (7) 
YK3, YKS-17 (15) 
COLLECTION 
NUMBERS 
FL0001-FL0008 
FL0009-FL0014 
FL0016-FL0040 
FL0041 
FL0042-FL0072 
FL0073-FL0079 
Fl 0080-FL0088 
FL0089-FL0095 
FL0096-FL0113 
FL0114-FL0120 
FL0121-FL0135 
Table 2. Juvenile summer flounder captured in 1986 samples 
-----SAMPLE SITE----- ------TOWS------- -----FLOUNDER-----
-Total- # Size Size 
Depth Time <lOOmm Mode Range 
Date Location (m) Gear # (min) (tot) (mm) (mm) 
EASTERN SHORE (SEASIDE} 
SITE 1: 
9 April 1986 Wachapreague <1 20' seine 83 21 15-32 (Figure 7) 
9 May 1986 Wachapreague <1 20' seine 18 34 22-47 (Figure 8) 
9 May 1986 Wachapreague 1-3 16' trawl 5 16 76 46 24-60 (85) (Figure 9) 
18 June 1986 Wachapreague 2-4 16' trawl 7 35 70 76 54-94 (Figure 10) 
SITE 2: 
17 June 1986 Oyster 2-3 16' trawl 2 10 12 70 55-89 (Figure 11) 
SITE 3: 
19 June 1986 Magothy Bay/ 1-4 16' trawl 4 20 8 68- 68-98 
Sand Shoal 98 
Channel (Figure 12) 
EASTERN SHORE (BAYSIDE} 
SITE 4: 
17-18 April Onancock Cr. 1-2 30' trawl 6 30 15 26- 20-43 
1986 to Kings Cr. 36 (Figure 13) 
YORK RIVER 
SITE 5: 
12 June 1986 All ens I./ 1-3 16' trawl 5 22 9 84 65-133 
Guinea Marshes (15) (Figure 14) 
26-27 June Guinea Marshes 1-3 16' trawl 10 47 11 86/ 71-164 
1986 to Cheatham (36) 94 
Annex (Figure 15) 
SITE 6: 
16 June 1986 Cheatham Annex 3-6 30' trawl 3 15 9 120 77-151 (70) (Figure 16) 
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Figure 15. 
Length Frequency for Flounder 26-Zl June, 1986 
Site 5 - Guinea Marshes to Cheatham Annex 
16 ft. trawl, N==11 
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Length Frequency for Flounder 16 June, 1986 
Site 6 - Cheatham Annex 
30 ft. trawl, N==9 
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the parasite Trypanoplasma bullocki. Burreson's work indicates that at 
temperatures <S0c the immune response of juvenile flounder does not 
function, thus causing the parasite to be lethal. His work does not show 
how long the temperature must be <S0c in order for the parasite to be 
lethal. Flounder may be affected by the magnitude and time scale of the 
change in temperature. Since no experimental data are available, we will 
empirically quantify the temperature effect by regressing on it the survival 
of summer flounder (I+), as indicated by the abundance in the VIMS trawl 
survey the following summer. Terms shorter than monthly, and/or 3-monthly 
average temperatures used for the croaker model, will be investigated. 
Burreson's work brings up another interesting question. He states that 
he has never encountered a juvenile (O+) flounder within the Chesapeake Bay 
in the summer with a positive antibody titer, which would indicate that it 
had been exposed to the parasite previously. This could only be because 1) 
flounder did not spend their first winter on the bottom of the estuary and, 
therefore, were not exposed to the parasite, 2) all flounder that were 
previously infected died, or 3) small flounder are intentionally avoided by 
the leach which is the intermediate host of the parasite. If "1" is 
occurring, we need to determine where they are the first winter. If "2" is 
occurring, a sizeable reduction of recruitment would result which should be 
investigated. The likelihood of 11 3" 100% of the time is remote according to 
Burreson. This reiterates the need for winter sampling in search of newly 
recruited flounder larvae/juveniles. 
The above discussion is summarized in a conceptual life history model 
of summer flounder (Figure 17). This model identifies the periods in the 
life history which are vulnerable to environmental perturbations. The key 
effects are categorized with positive and negative outcomes, and the 
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potential reduction of flounder recruitment is clearly labelled at each life 
stage. This approach also identifies input data to use to run the model, 
and points out significant gaps in general knowledge and data collections 
for this species. The present study addresses the first and second years in 
this life history (i.e., from after spawning on the shelf through 1+ year-
class strength in the estuary). 
The literature says that spot spawn in the Middle Atlantic Bight from 
latt:! winter to early spring and recruit to the Chesapeake Bay from December 
through May. However, analysis of seasonal bottom temperatures (1968-1981, 
Dec1:!mber to May) has lead me to conclude that the appropriate warm water 
(I6°C) which is necessary for spot to spawn is not present during the winter 
spawning season. I hypothesize that spot spawn south of the warm water 
convergence zone near Cape Hatteras and are transported into the Chesapeake 
Bay as juveniles. The peak time of spot entrance to the Chesapeake Bay is 
from April through June, after danger from cold temperatures is past. Spot 
are somewhat larger (10-20 mm) than croaker (5-10 mm) when entering the 
Chesapeake Bay. At time of arrival in the York River, spot are 57 to 82 
days old, while croaker are 21 to 43 days old. It is likely that spot are 
older because they have spent more time on the shelf in transport from 
spawning areas (i.e., they travelled farther than the croaker larvae). 
Also, the shelf waters are colder in the winter than they were in the fall, 
thus slowing the growth rate of spot. Scientists in North Carolina think 
that the peculiar winter offshore/onshore transport regime south of Cape 
Hatteras keeps the fall/winter spawners offshore and out of the estuaries 
during the winters. They find peak recruitment to southern Pamlico Sound to 
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be March and April. Perhaps there is a mechanism which connects this 
physical regime with transport around Cape Hatteras and northward into the 
Chesapeake Bay. This is purely speculative at this time, as circulation 
around Cape Hatteras is not well documented, especially in the winter. 
Therefore, theoretical direction and time of coastal transport are the prime 
considerations for assessing spot recruitment to the Chesapeake Bay. 
Recruitment of spot to the estuarine nursery area will be to the 
Chesapeake Bay as hypothesized above, or to Pamlico Sound through Oregon 
Inlet north of Cape Hatteras, as discussed for flounder, or through Hatteras 
Inlet, or one of the other inlets south of the Cape. Because recruitment to 
the estuary is in the spring, cold water temperatures do not affect spot 
either by direct mortality as croaker or indirect mortality as flounder. 
Therefore, this will not be a factor in the spot model. 
Young-of-the-year spot are major components of North Carolina long-haul 
seine and pound net fisheries. Of the fish caught by long haul seine in 
Pamlico Sound in 1978, 27.2% were spot. Of those, 68% were age I+. A total 
of 59% of the spot captured by long haul seine were discarded because they 
were too small to market. Similarly, in 1982 27.1% of the May-June and 
12.3% of the July-September were spot. Again, more than 50% were smaller 
than the discard length of 190mm. Post-recruitment mortality may be 
significantly higher in Pamlico Sound (i.e., due to fishing) than mortality 
at the same time in the Chesapeake Bay. The result would be that transport 
into the Chesapeake Bay favors juvenile survival and increased stock size of 
spot. Thus, the combination of transport success and fishing pressure may 
be important in the spot model. 
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PROJECT 5 
Striped Bass Early Life History on the Pamunkey River 
with Special Reference to Egg Production and Viability, 
Predation Mortality, and Acid Runoff 
Problem Description 
Although factors affecting striped bass abundance are multiple and 
complex, current evidence suggests that principle variations in survival 
occur during early development. As a result, investigations intended to 
describe specific sources of mortality in the egg or larval stages may aid 
in understanding reasons for fluctuations in abundance of striped bass 
stocks. Furthermore, recent management efforts directed towards Chesapeake 
Bay stocks by Maryland and Virginia have restricted landings, thereby 
reducing availability of fishery data (landings) useful for stock 
assessment. An alternative method is the utilization of plankton survey 
data to generate egg production estimates and calculations of adult biomass 
required to produce the observed egg deposition. Such an approach is 
currently being utilized for a number of open ocean, pelagic spawners and is 
ideal for species such as striped bass that spawn in fresh water. 
Objectives 
The objectives of the present study are: 1) to calculate striped bass 
egg production and female biomass on the Pamunkey spawning grounds; 2) to 
assess striped bass egg viability; 3) to document predation on striped bass 
larvae by vertebrate and invertebrate predators; and 4) to examine the 
possible effects of acid rain on the spawning grounds. 
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Approach 
Weekly plankton cruises on the Pamunkey River during spring spawning 
periods (April - May) were conducted utilizing standard plankton protocol. 
Preserved samples were sorted in the laboratory and young stages of striped 
bass identified and enumerated (Objective 1). Separate collections of eggs 
using a hand-towed egg net were examined live under a microscope in the 
field. Eggs were classified as live or dead and incubated for 24 hours. 
Vitality estimates are reported as percent live eggs (Objective 2). 
Hatchery-reared larval striped bass were presented in the laboratory to a 
variety of potential predators. Larvae consumed during a one-hour 
presentation with starved predators was recorded (Objective 3). Continuous 
24h records of ambient, non-air-equilibrated surface pH were recorded at a 
remote sensing station at Lestor Manor, Virginia. A Beckman pH meter and 
Orion electrode were used to record pH in surface water pumped to the 
testing areas (Objective 4). 
Findings 
The duration of the 1985 spawning season was well below the average 
duration estimate from previous years on the Pamunkey River. Severe drought 
conditions in spring 1985 and significant departures from normal salinity 
distributions may have influenced spawning activity. Despite the short 
season, egg production was high and estimated to be 11.778 X 108 eggs. Our 
preliminary estimate of female biomass required to produce this egg 
deposition was 5488 kg (female body weight). Efforts to estimate egg 
vitality in 1986 generally failed due to unavailability of eggs. Four 
species of resident Pamunkey River fish larvae were identified for the first 
time as potential predators of striped bass. No invertebrate predators were 
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found. Initial experiments to estimate predation rate by one fish species 
suggested that under laboratory conditions when prey concentration is high, 
the spottail shiner can consume up to 80 striped bass larvae per hour. 
These estimates probably have little application to natural conditions. One 
significant acidic excursion from normal pH was observed at Lestor Manor 
during continuous monitoring in May, but equipment error cannot be excluded 
as a cause. For the most part no adverse effects of atmospheric acid 
deposition could be detected, perhaps due to a severe spring drought in 
1986. 
Relevance to Management of Resources 
Ichthyoplankton surveys of Virginia's tidal freshwater tributaries to 
Chesapeake Bay provide important spatial and temporal details of striped 
bass spawning activity that have been used in the preparation of management 
regulations promulgated by the Virginia Marine Resources Commission. Egg 
production estimates resulting from these surveys are a reliable (and 
convenient) indicator of spawning activity and may be an important tool to 
assess stock size, especially during periods of low stock abundance and 
restricted landings. In the absence of fisheries data (pounds of fish 
landed per unit time) traditionally used to monitor population size, catches 
of eggs may be the most reliable data source available. As a result, our 
pilot efforts to estimate female biomass required to produce the observed 
egg deposition on the Pamunkey River may lead to a larger capability to 
estimate spawning stock size in all Virginia rivers. 
As our knowledge of the factors affecting egg and larval abundance 
increases, causes of declines in abundance of this and other anadromous 
species may be more apparent. Thus, the recent discovery that at least four 
155 
resident fish species readily prey on larval striped bass in the laboratory 
may have important implications to models describing recruitment. Two 
preliminary observations support the notion that predation may be an 
important cause contributing to stock decline. The first of these is the 
recent report by Maryland investigators of starving striped bass larvae on 
Potomac River spawning and nursery grounds. Secondly, studies of the 
effects of toxic contaminants regulated by episodic pH depressions on 
survival and development of larvae indicate that larval developmental rate 
may be inhibited under certain environmental conditions. Starvation and 
developmental rate are critical variables affecting predation mortality 
since starving and weakened larvae are more susceptible to predation and 
probability of predatory encounters increases with increasing duration of 
developmental stages. 
It is likely that both vertebrate and invertebrate species are 
predators of striped bass eggs and larvae, yet few studies have documented 
such interactions in tidal freshwater systems. As a result, our findings 
are important and provide the framework for future investigations of the 
potential impact of predation mortality on striped bass larval survival. 
Continuing Effort 
Two peer-reviewed publications [l) G. C. Grant and J. E. Olney. An 
assessment of striped bass spawning activity in Virginia; 2) J. E. Olney and 
G. Hill. Studies on potential predators of striped bass larvae in the 
Pamunkey River, Virginia] are in preparation and will be submitted to 
Transactions of the American Fisheries Society in early November 1986. A 
computer program to calculate production and variance estimates based on egg 
density data is in development. This program will not only facilitate 
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calculations but also provide a basis for a planned sensitivity analysis of 
our egg production model. This planned analysis should identify variables 
in the model that most significantly affect error estimation. One such 
variable is sample size, and we are presently assessing the possibility of 
acquiring a recently developed submersible camera system that may decrease 
sample processing time and allow increased sampling frequency. Egg 
production and vitality estimates are planned for 1987 as well as pH 
monitoring at Lestor Manor. We intend to upgrade the pH monitoring station 
by digitizing pH meter output in order to increase data reliability. 
Finally, further studies are planned to evaluate factors affecting predation 
rate by the spottail shiner (N. hudsonius) on larval striped bass. 
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PROJECT 5 
Technical Summary 
Striped bass spawning activity was observed during the first cruise on 
2 April 1985 (Table 1) indicating that eggs may have been present on the 
Pamunkey River spawning grounds prior to initiation of sampling. Average 
water column temperature during this period was 13.6°c, a value somewhat 
below the normally observed spawning activity range (15-21°c). Peak egg 
abundance was recorded in mid-April (15 April 1985) and extended through 26 
April, but two subsequent cruises (30 April, 14 May 1985) yielded no eggs. 
Thus, our estimate of the duration of the 1985 spawning season on the 
Pamunkey River (27 days, Table 1) was well below the average of 44 days 
observed in previous years (1980, 1983). Severe drought conditions in 
spring 1985 resulted in a significant departure from normal salinity 
distributions {Fig. 1) and may have influenced spawning duration. Cruise 
egg production estimates (Fig. 2) during the spawning period ranged from 
0.212 - 7.708 X 108 eggs and peak production in 15 April 1985 was the 
highest recorded in a 3-year period. Maximum cruise egg production values 
in 1980 and 1983 were 0.269 and 0.583 (X 108 eggs), respectively. The 1985 
maximum estimate was influenced by the highest density of striped bass eggs 
(Sta. P45, 2187.8 eggs/100m3) ever recorded on any river during five years 
of sampling effort. Annual egg production in 1985 was estimated to be 
11.778 X 108 eggs with a 95% confidence interval of 7.106 X 104 eggs (Table 
1). An estimated fecundity of 2.146 X 105 eggs/kg female body weight was 
used in calculations of female biomass required to produce the observed 
spawn. Data describing age and size distribution of females on the spawning 
ground in 1985 are not yet available. Biomass calculations yielded an 
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Table 1. Annual spawning and female biomass estimates for the Pamunkey River, 1985. Abbreviations used 
are: Di - days represented by each cruise; di - duration of the egg stage; Pi -cruise egg 
abundance estimates; s2p - variance estimate; CI - 95% confidence interval. 
i 
Year Cruise Di di pi Cruise Egg s2 Annual Egg CI Female 
Date (days) (days) (eggs x108) Production pi Production Biomass (eggs X 108) cxiol9> {Eggs x108) {egg x104) {Kg) 
...... 
u, 
\0 1985 2 Apr 2.5 2.86 0.243 0.212 0.169 
5 Apr 3.5 2.61 0.168 0.225 0.612 
9 Apr 5 2.86 0.265 0.464 o.463 
15 Apr 5 2.52 3.885 7.708 5,603 
19 Apr 4 2.07 0.489 0.946 1,551 
23 Apr 3.5 1.57 0.811 1.808 0.500 
26 Apr 3.5 1.30 0,154 0,415 0,303 
Annual Total 27 9,201 11. 778 + 7.106 5488 
11 15 APRIL 1985 
10 
9 
-
8 
CJ) 
0 
- 7 0 
,o 
O' 
...... 
>- 6 
r Bottom 
z 5 / 
....J 
<( 4 en 
3 
2 
Surface/ 
o-i----.----.----r---,-----.--=~~~ ... --m4~=:!!!!!!!!!4 
28 31 34 37 40 43 46 49 52 55 
RIVER MILE 
Fig. 1. Upstream penetration of salt on the Pamunkey River, April 1985. 
800 
700 
600 
(0 
if 500 if 
C 
1--' .,.... 
O"I .ZS 
1--' 
-
400 C: 
::I 
0 () 
Cl 300 Cl 
w 
200 
100 
0 
Fig. 2. 
. 
. 
. 
. 
. 
. 
. 
. 
WEEKLY EGG PRODUCTION ESTIMATES 
FOR PAMUNKEY RIVER - 1985 
. . . . • • 
estimate of 5488 kg female body weight. These values are subject to further 
refinement as additional data are evaluated. 
Sampling effort in 1986 resulted in seven weekly cruises (4 April - 15 
May) and 46 total samples. These collections will form the basis for 1986 
egg production and female biomass estimates. As in 1985, severe drought 
conditions this year may have contributed to reduced spawning duration. 
Efforts to.estimate egg vitality in 1986 were hampered by unusually low 
spawning activity and reduced availability of eggs. Eggs were examined from 
six stations between 11-30 April 1986. During peak spawning only 34 eggs 
were collected in six egg vitality samples. Ratio of total viable to total 
dead eggs was 6:28, or about 19% viable. Vitality estimates ranged from 0-
50%. As with the 1985 effort, small sample sizes preclude conclusions 
regarding overall egg vitality on the spawning grounds. 
Presentations of hatchery-reared (Brookneal Fish Hatchery, Brookneal, 
VA) striped bass yolk-sac larvae with a variety of potential predators 
revealed that at least four species of resident Pamunkey River fishes 
readily accept larvae as prey under laboratory conditions. These species 
were the spottail shiner, Notropis hudsonius; a darter, Etheostoma sp.; the 
white catfish, Ictalurus catus and the channel catfish, 1. punctatus. All 
species are common and abundant on striped bass spawning grounds, but their 
potential as predators of early life stages of striped bass was previously 
unknown. Efforts to identify invertebrate predators were unsuccessful 
although three species were tested (a species of the family Hydrachnellidae, 
the water mites; a large predaceous cladoceran, genus Leptodora; and the 
amphipod Gammarus fasciatis). At least one invertebrate species, a 
cyclopoid copepod, is known to prey on larval _striped bass, but efforts to 
collect these predators were unsuccessful. 
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Results of initial experiments to estimate predation rate by N. 
hudsonius under laboratory conditions are presented in Figs. 3-4. Numbers 
of prey consumed varied among replicates and between density treatments with 
the greatest rate (80 larvae per hour) observed at the highest prey density. 
This estimate may approach maximum consumption rate since percent prey 
consumed (Fig. 4) decreased to less than 50% in the greatest density 
treatment. At prey densities exceeding 1,650 larvae per m3, handling and 
searching times of N. hudsonius presumably influence consumption rate. It 
should be noted, however, that test densities generally exceed ambient 
larval densities, sometimes by several orders of magnitude. Thus, 
preliminary rate estimates may not have direct applicability to natural 
conditions. 
Twenty-four hour surface pH data during the 50 day period 10 April - 29 
May 1986 are presented in Fig. 5. In April and late May, pH values never 
varied significantly from normality at the Lestor Manor monitoring station. 
During two weeks in early May, however, several significant excursions from 
normality were recorded. The most significant of which occurred during the 
evening of 3 May. Between 1600 and 2000 hrs, pH dropped to a value of 6.36 
but rapidly returned to normal by midnight. The recording device and 
electrodes appeared to be functioning when inspected and calibrated at 1300 
hrs on the day of the excursion. Concurrent rainfall data are presently 
unavailable, however, and equipment malfunction cannot be discounted. 
Values of pH in the range of 6.0 - 6.2 have been reported to decrease larval 
survival under laboratory conditions. 
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Predation Rate for Notropis sp. 
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PROJECT 6 
Chemical Poisons in Virginia's Tidal Waters -
Fate and Effect of Polynuclear Aromatic Hydrocarbons 
Problem Description 
Polynuclear aromatic hydrocarbons (PAH) are a class of chemicals that 
are ubiquitous environmental pollutants and are known from laboratory 
studies to be cancer causing agents. These chemicals are synthesized when 
organic matter undergoes incomplete combustion. Examples of such processes 
include burning fossil fuels, producing coal-tar and smoking cigarettes. 
They enter the marine environment after transport through the atmosphere 
adsorbed to solid particles or as aerosols, or via runoff and spills. Upon 
uptake by organisms they are recognized as foreign and are subject to 
metabolic processes that are designed to render them water-soluble in which 
form they can be excreted. However, during this process highly reactive 
intermediates are generated, and it is these intermediates that are active 
cancer causing agents. It could be said that nature has inadvertently made 
a mistake in its detoxification processes. 
The Chesapeake Bay and the Elizabeth River, which drains into Hampton 
Roads at Norfolk, have become polluted with PAH because of their proximity 
to industrial and recreational human activity. The Elizabeth River was 
principally polluted by two major spills of a coal-tar related wood 
preservative product, creosote. Because of the commercial importance of the 
Chesapeake Bay fisheries and the fact that fish are known to be subject to 
diseases as a result of PAH contamination, including cancer, it is necessary 
to understand the conversions that these compounds undergo in the body. 
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From this information, management options can be derived that may help 
preserve the Bay. 
Those who are interested in the more technical aspects of this work 
should read Technical Summaries A and B which give additional data. 
Objective 
To identify and quantify the transformed products of PAH and, 
therefore, to have some sign posts to the reasons that some species of fish 
show a greater susceptibility to PAH toxicity, it is necessary to develop 
appropriate analytical methodology. Because the Elizabeth River is so 
highly polluted, samples from the fish in this river are the primary target 
of the research, with the object of looking for correlations of disease 
states and physiological parameters with the metabolized products of the 
PAH. 
Approach 
Biological samples are inherently complex and usually contain the 
chemicals of interest at low concentrations. In addition, it is known that 
the transformed products of PAH are sensitive to heat and light. Their 
analysis, therefore, must be carried out under conservative conditions. Two 
techniques that are appropriate to these constraints are high performance 
liquid chromatography (HPLC) and mass spectrometry (MS). The former 
technique provides the separative power to split biological samples into 
their components, and the latter technique provides for identification and 
quantification. The coupling of HPLC and MS is still in its infancy because 
of pressure incompatibility between the instruments. It is, however, a 
technique that is rapidly growing in importance in biological analytical 
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chemistry. a was chosen for this project because, despite difficulties in 
its execution, it was the most appropriate technique for the anticipated 
samples. There are a number of ways in which an HPLC can be interfaced with 
an MS. One type (direct liquid .introduction) has been used for the work 
reported here, but a second (thermospray) has now been added to allow 
additional flexibility for future analyses. 
When PAH enter an organism, the process of making them water soluble 
for excretion occurs in the liver. Since the primary route of excretion of 
PAH metabolites is with the bile, it is this fluid that is being used for 
the analyses. 
Findings 
Because of the difficulties associated with combined HPLC-MS, a 
considerable amount of time was required to successfully merge the two 
techniques. This included instrument modifications, resulting both in 
improved instrument performance and some reduction in operating costs. As a 
consequence, our instrument is the only HPLC-MS system in the marine science 
field that, to our knowledge, is being operated routinely. This represents 
a considerable achievement that will enhance the productivity of the 
laboratory both for the results that can be given to Chesapeake Bay 
management and to the scientific world through publications. The HPLC-MS 
has been used to study the mass spectrometric behavior of metabolite 
standards of one member of the PAH family, benzo(a)pyrene. Analysis of 
conditions have been varied by changing the mode of ionization, the source 
temperature and pressure and the solvent for the liquid chromatography. 
This type of experimentation is important because varying analytical 
conditions affect the results, and if not understood, could lead to 
0 
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incorrect interpretation of the data. The data have shown that, using a 
combination of HPLC retention time and mass spectra, individual metabolites 
and their structural isomers can be identified. A detailed description of 
this work is currently being prepared for publication. 
Biological and environmental samples are inherently complex, and it is 
important to develop the chromatographic techniques that separate the 
components as well as to understand the mass spectrometric properties and 
the compounds of interest. Two different types of HPLC columns providing 
the separation of a mixture into its components have been investigated. The 
results indicate that conventional analytical columns are the most 
successful, rather than the microbore columns which, under certain 
circumstances, can provide additional separative power. Comparison of bile 
samples of fish from the Elizabeth River with bile from the relatively 
unpolluted York River have shown the presence of potential PAH breakdown 
products in the former. Variation in sample preparation, analysis and 
detection has indicated the range of PAH metabolites that are present. 
These results confirm the work of other researchers in this field. The 
success in obtaining appropriate separations means that the move to HPLC-MS 
of biological samples is all the more important in order to be able to 
identify the PAH breakdown products. Initial results have indicated that 
when an analysis mode optimal for the PAH metabolites was used, there was 
little interference from components within the body, despite the complexity 
of bile. The addition of a metabolite standard to the bile, followed by 
analysis, allowed the compound to be correctly identified at concentrations 
anticipated in environmental samples. 
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Relevance to Management of Resources 
Because PAH are pollutants that are closely related to human activity, 
environmental concentrations are likely to increase as the population around 
the Chesapeake Bay grows. It is imperative, therefore, that the impact of 
these compounds is understood. The effect of these compounds on the health 
of the organisms of the Bay and the mechanisms by which they act must be 
understood in order that an appropriate strategy can be adopted to preserve 
the biota of the Bay. Without knowledge of the effects of these chemicals, 
decisions made by the resource managers must be largely arbitrary. It is 
the aim of this research to reduce as much as possible the arbitrary element 
of this decision-making process. 
Continuing Effort 
The almost routine use of the HPLC-MS system with the direct liquid 
introduction interface means that this aspect of the methodology is ready 
for the analysis of biological samples. In addition, the acquisition of a 
second type of HPLC-MS interface employing a radically different ionization 
process has extended the range of metabolites that can be examined and 
identified. It should also reduce the amount of sample preparation by 
removing an enzymatic step that is both time consuming and likely to result 
in the spontaneous degradation of the enzymatically released metabolites. 
Biological samples will be obtained from two sources. Environmental' 
samples will be obtained from the Elizabeth River, with the intention of 
searching for metabolites of various PAH. To assist this search a second 
source of samples will be used, consisting of fish that have been dosed with 
a single PAH. Such samples will assist and improve the understanding of the 
highly complex environmental samples. 
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Project Intent 
PROJECT 6 
Technical Summary A 
The purpose of this research is to furnish cancer research scientists 
and ultimately health and pollution control authorities with reliable and 
specific information on the metabolism of polynuclear aromatic hydrocarbon 
(PAH) pollutants by fish, including methods for the recognition of these 
compounds. The ultimate goal is to reliably understand and predict 
circumstances that have a high probability of leading to mutation or cancer. 
Introduction 
The pollution of the environment with PAH may have started in 
prehistoric times with the ignition of vegetation by volcanic eruptions or 
lightning, and thus cannot be blamed on man. What mankind must be blamed 
for, however, is the tremendous acceleration of this process, beginning with 
the industrial revolution and the massive burning of fossil fuels, that lead 
to the omnipresence of PAH such as phenanthrene, fluoranthene, pyrene, 
benz(a)anthrene, chrysene, benzo(a)pyrene, benzofluoranthene and many other 
compounds in soils and sediments from which they enter the food chain. 
It was already suspected at the end of the 18th century that soot or 
its constituents were capable of inducing cancer, although the structures of 
the component carcinogens were not known. It took almost 200 years to 
identify several PAH, and especially benzo(a)pyrene, as the culprits and to 
unravel the general sequence of the complex biochemical reactions that in 
the end are responsible for the process of uncontrolled cell division that 
is characteristic of cancer. The details of the biochemical events leading 
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eventually to mutagenesis or cancer are still largely unknown but are the 
subject of this research program. 
To understand the need for this research, it is helpful to summarize 
what we know about the carcinogenic effects of PAH. Of prima importance is 
the realization that it is not the PAH which cause cancer, but some of their 
metabolites. Since PAH are foreign substances biochemically with basically 
hydrophobic properties, evolution has devised ways to make these compounds 
more water soluble so that they can be excreted. Solubilization is 
established by the enzymatic formation of epoxides, which can undergo 
further degradation either in a second enzyme mediated reaction where they 
are converted to dihydrodiols, or via a non-enzymatic hydroxylation to form 
phenols. A further solubilization occurs with a Phase II reaction, in which 
the hydroxylated metabolite is conjugated with glucuronic acid, glutathione 
or sulfate. The major problem with this process rests with the epoxides. 
Although they are extremely reactive and for this reason have a very short 
lifetime, some of these epoxides are powerful electrophiles and are quickly 
attracted to nucleophilic sites {to which they covalently bond) such as 
chromatin/DNA within the cell. It is this step, because of errors that it 
causes in transcription and/or replication, that presumably triggers the 
uncontrolled cell growth characteristic of cancer. 
Since the exact structure of metabolites and their distribution depend 
on the properties of the isozymes of the enzymes present, it may be feasible 
i 
to lessen the generation of carcinogenic metabolites by properly influencing 
the enzyme composition. This could possibly be done by choosing appropriate 
inducers, or potentially more important, by finding strains of organisms 
that do not produce the active carcinogenic metabolites. The finding and 
selection of such strains may have major implications to animal husbandry, 
including fish stocking programs. An important pre-condition for this kind 
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of research, however, is that the metabolites can be analytically assessed. 
Although chromatography has been used for this purpose, this methodology can 
only be employed for compounds for which standards are available, since it 
is based solely on retention coincidence. Gas chromatography also is not 
ideal. Most metabolites and their conjugated forms are labile compounds and 
are, therefore, not conveniently analyzed by gas chromatography or gas 
chromatography-mass spectrometry without derivatization. This is better 
achieved by a more recently developed technique for analyzing polar, non-
volatile and labile compounds: on-line high performance liquid 
chromatography-mass spectrometry. By combining liquid chromatography with 
mass spectrometry, many more pieces of information than just retention data 
become available. Interpretation of such data may ultimately be linked to 
particular metabolite structures and thus allow identification of such 
compounds without the need for standards. 
The generation and interpretation of mass spectra from benzo{a}pyrene 
metabolites 
The details of ion generation using the solvent vapor as a CI gas and 
interfacing the high performance liquid chromatography (HPLC) with the mass 
spectrometer (MS) (Figure 1) have been dealt with in a previous report and 
need not be reported here. There is, however, a considerable amount of new 
information that must be discussed. 
Much of the usefulness of HPLC-MS rests on the ability of this method 
to analyze labile polar compounds on-line and hence provide a rapid 
technique which can distinguish between different metabolites and isomers 
using both chromatographic retention time and mass spectral fragmentation 
patterns. The technique provides data in the form of spectra which can be 
related to specific structural details. It also reliably generates ions 
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e 
from small amounts of sample such as are found in biological systems. The 
necessary spectra and efficient ion generation, and thus sensitivity, were 
found to be satisfied best by negative ions, although it is a well-known 
fact that negative ions tend to be critically dependent on source and 
operating conditions and may be difficult to reproduce. Typical negative 
ion mass spectra of a number of benzo(a)pyrene standard metabolites using 
acetonitrile/water as mobile phase are depicted in Figures 2-14. A 
considerable amount of variability was encountered in the fragmentation 
pattern of these compounds and was investigated for a number of metabolites 
and for parameters such as source temperature, source pressure and LC 
solvent composition. The effect of temperature was found to be the 
dominating cause of the observed variability and is plotted in Figures 15-
17. Pressure and solvent composition also affected the mass spectra, but 
their effect was minor. 
The many fragment ions present in most mass spectra in Figures 12-14 
suggest· that the generation of negative ions occurs mainly via a 
dissociative electron capture process. Resonance capture was observed only 
for 7- 'and 11-hydroxy benzo(a)pyrene (Figures 4 and 6), where the molecular 
ion is the base peak. Other monohydroxy B(a)P isomers analyzed yielded (M-
H)- as the base peak. Except for M- and (M-H)- and their isotopic peaks, no 
other fragments or associative ions can be identified with certainty. This 
is as would be expected for these compounds, and under these circumstances, 
identification of specific isomers required the use of both the mass 
spectrum and chromatographic retention time. 
Of 3 dihydrodiol B(a)P standards, the 9,10 and 7,8 isomers gave mass 
spectra that could not be distinguished. At 2so0c source temperature, both 
isomers have a base peak at (M-2H)- and a fragment that indicates the loss 
of water from the molecular ion at m/z=268 (Figures 8 and 9). Below that 
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temperature the molecular ion, M-, becomes the base peak. [M-H20]- goes 
through a maximum between 225 and 250°c (Figure 15). Also prominently 
present is m/z=267 which signals the loss of an additional H from m/z=268. 
This loss is strongly influenced by temperature, being very small at 175°c 
and increasing thereafter. The 4,5 isomer at 250°c also has [M-2H]- as base 
peak (Figure 7), but contrary to the 7,8 and 9, 10 isomers, it never gives a 
molecular ion at lower temperatures (175°C). Like the 7,8 and 9,10 isomers, 
it gives fragments at m/z=268 and m/z=267; in addition, there are fragments 
at m/z=282 (major) and m/z=254 whose origin is not clear. For the purpose 
of this study, however, the important facts are that the 4,5 isomer can 
clearly be distinguished from the 7,8 and 9,10 isomers by its mass spectrum 
and that all dihydrodiols can be mass spectrometrically identified as such. 
Because of the changes in spectra that are caused by changes in source 
temperature, it is necessary to select a standard temperature at which to 
work. In the future 250°c will be used. At any lower temperature than 
this, the spectra are in a state of flux and, therefore, not reliable. 
Only one triol, the 7,8,9 tetrahydrotriol isomer, was available for 
investigation (Figure 10). Although the mass spectrum of this compound at 
250°c has the same base peak as the diols, m/z=284, this fragment is the 
result of a loss of water and the loss of 2H from the molecular ion. If a 
molecular ion is present, it cannot be distinguished from the background. A 
loss of two water molecules from the molecular ion leads to m/z=268. At 
this time, unfortunately, two relatively abundant fragments at m/z=293 and 
m/z=298 cannot be explained and thus cannot be used to distinguish the mass 
spectrum of this trial from those of the diols. Chromatographic retention 
time must be used. 
Four diastereomeric tetrahydrotetrols of B(a)P were available for 
investigation (Figures 11-14) and were especially interesting because they 
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differ only by the orientation of their OH groups in positions 9 and 10. At 
250°c, m/z=284 was again found to be the base peak, generated by the loss of 
two water molecules from the molecule or molecular ion. This is true for 
all of the tetrahydrotetrols investigated: r7, t8, t9, tlO (Figure 11); r7, 
ts~ t9, clO (Figure 12); r7, ts, c9, tlO (Figure 13); and r7, t8, c9, clO 
(Figure 14). Another fragment common to all isomers is 267 (although 268 
has a higher relative abundance in the mass spectrum of r7, t8, 9, 10, this 
probably is the result of poor reproducibility), indicating a loss of OH 
from 284. The most unusual fragment in the mass spectra, however, is at 
m/z•258 and represents the loss of acetylene, c2H2, from 284. This fragment 
is characteristically more pronounced in the two isomers which are trans 
8,9. Other characteristic ions, although much less abundant, are generated 
by the loss of one water from either the molecular ion or (M-H)- and occur 
at m/z=302 and m/z=30I, respectively. 
The temperature dependence of the fragmentation process is shown in 
Figure 16 for the B(a)P r7, ts, 9, clO-tetrahydrotetrol and in Figure 17 
for B(a)P r7, t8, c9, tlO-tetrahydrotetrol. Both graphs again demonstrate 
the ne,cessity to carefully define and maintain source temperatures to get 
reproducible mass spectra. 
A preliminary set of mass spectra has also been derived with a mixture 
of methanol/water as a solvent. Mass spectra were found to be similar to 
those derived from acetonitrile/water mixtures. This matter, however, was 
not pursued far enough to justify inclusion in this report. 
In summary, the following mass spectral characteristics can be used to 
identify hydroxylated benzo(a)pyrene metabolites (source temperatures= 
250°C): 
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Compound 
1,3,7,9,11-0H B(a)P 
4,5-dihydrodiol 
7,8-dihydrodiol 
9,10-dihydrodiol 
7,8,9-tetrahydrotriol 
Mass spectral characteristics 
M- and (M-H)- are.the only major ions 
present, with (M-H)- being the base peak for 
1,3,9-0H isomers and M- being the base peak 
for 7 and 11-0H isomers (this is strictly a 
function of temperature). Distinction 
between different isomers must be based on 
chromatographic retention time. 
At 2so0c source temperature all isomers have 
(M-2H)- as the base peak and (M-H2o)- as 
additional fragment. Only the 4,5 isomer 
also has a sizeable fragment at (M-2H-H20)-. 
An additional fragment of the 4,5 isomer at 
m/z=254 may also be real, but cannot be 
explained at this time. Dihydrodiols can be 
recognized by the above characteristics, but 
the 7,8 and 9,10 isomers must be 
distinguished by their chromatographic 
retention time. 
Since this compound gave a very poor mass 
spectrum which contained many unexplainable 
fragments and since we had only one triol 
available, no interpretation is attempted 
until more work has been done. In the 
meantime, this tetrahydrotriol can be 
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identified by the combination of retention 
and mass spectrometric information. 
r7,t8,9,10-tetrahydrotetrol These compounds can be recognized by the 
r7,t8,9,cl0-tetrahydrotetrol characteristic fragments at (M-2H2o)-, 
r7,t8,c9,tI0-tetrahydrotetrol (M-2H20-0H)- and (M-2H2o-c2H2)-, (M-2H20)-
r7,t8,c9,I0-tetrahydrotetrol being the base peak in all cases. Isomers 
having a 8,9 trans structure are clearly 
distinguishable from those with 8-trans 9-
cis by the larger relative abundance of the 
(M-2H2o-c2H2)- fragment. 
To evaluate possible distortions of the metabolite spectra or 
difficulties in obtaining spectra in the presence of a bile matrix, a small 
amount of benzo(a)pyrene- 9,10-dilydrodiol was added to bile from an 
oystertoad fish from the York River. In order to prevent precipitation of 
acetonitrile-insoluble material on the column, an equal volume of 
acetonttrile was added to the bile and the resulting precipitate removed 
with a 0.22 filter. This spiked bile was then injected on a microbore HPLC 
column for separation. The quantity of the benzo(a)pyrene-9,10-dihydrodiol 
injected on column was approximately 12 ng. The effluent was analyzed on-
line by the mass spectrometer. The resulting mass spectrum of 9,10-
dihydrodiol (after subtraction of background) is depicted in Figure 18 and 
is very similar to the mass spectrum of 9,10-dihydrodiol derived from the 
standard (Figure 9). This result indicates that detection and 
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Figure 18. Mass spectrum of benzo(a)pyrene-9,10-dihydrodiol obtained from HPtC-MS 
analysis of spiked bile. 
identification of benzo(a)pyrene metabolites by HPLC-MS at concentrations 
that can reasonably be expected in biological systems is possible. 
Direction of Continuing Research 
Future needs at this stage of the project are clearly defined by the 
results in the last paragraph. 
1. We must be able to incorporate gradient elution in the 
HPLC separation step. This is necessary for the 
accommodation of the wide range of polarites of compounds 
in the sample. 
2. We must also find ways to reliably identify glucuronide 
and sulfate conjugates, because these are the most common 
metabolites found in bile. 
3. We must extend the research from B(a)P metabolites to 
other PAH metabolites and test our understanding of 
fragment formation. 
4. The results of our investigation on PAH metabolite 
standards must be applied to natural and semi-natural 
samples. 
Although the HPLC presently used allows gradient elution, it does so 
only for regular columns and solvent flows of the order of 1 ml/min. The 
current direct liquid introduction HPLC interface to the mass spectrometer 
demands the use of a microbore column and limits solvent flow to about 30-80 
1/min. To accommodate gradient programming, one either would have to 
replace the existing HPLC with one that has dual syringe pumps and can 
handle gradients for microbore columns, or one can replace the direct liquid 
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injection (DLI) interface with an interface of different design that is 
capable of handling large flowrates. Such an interface is available and is 
called a "thermospray" interface. Aside from its compatibility with larger 
flowrates, it has the capability to generate ions via chemical 
ionization/thermal electron ionization (similar to the presently used DLI 
interface) and via the thermospray ionization process making use of ions 
present in the solvent via a process that is similar to field ionization. 
Because the thermospray ionization process transfers much less energy to the 
molecule to be ionized, very polar, involatile and potentially unstable 
molecules are known to give molecular or quasimolecular ions in this 
ionization mode. PAH metabolite conjugates are among those compounds that 
give quasimolecular ions under these conditions (preliminary results). 
Choosing a thermospray interface instead of a syringe pump HPLC not 
only· solves our gradient elution requirement, but also satisfies requirement 
2. As an additional advantage, the larger flowrates are synonymous with 
shorter time constants and thus will allow us to save time. 
A thermospray interface from Vestec Corporation is currently being 
installed. 
The culmination of this investigation will be its application to 
natural and semi-natural samples. Since PAH mixtures encountered in the 
marine environment are very complex, it can be expected that metabolism does 
not lead to less complex mixtures. Semi-natural samples, in which fish are 
injected intraperitoneally with one or two PAH only for in vivo metabolism, 
will be used as an intermediate step to aid interpretation of the results 
obtained from Elizabeth River fish. 
199 
Project Intent 
PROJECT 6 
Technical Summary B 
The purpose of this project is to develop methodology for the 
chromatographic separation and identification of metabolites of polynuclear 
aromatic hydrocarbons (PAH) in bile from fish from the highly polluted 
Elizabeth River, Virginia. This study is intended to establish informative 
data on bioavailability and metabolic activation of PAH by fish. The data 
thus derived is expected to be valuable to officials engaged in monitoring 
aquatic pollution. 
Introduction 
PAH, metals, and chlorinated organics are widespread contaminants of 
freshwater and estuarine systems and have been implicated in causing 
effects, including neoplasms, in fishes and shellfish in several areas of 
the United States. Chemical data show that concentrations of PAH exceed 
thousands of ppm in the bottom sediments from some areas of the Elizabeth 
River, Virginia, and it appears to have the highest concentrations of PAH of 
any estuary in the world. Concentrations of known mammalian carcinogens, 
e.g. benzo(a)pyrene, have been detected in surface sediments from the more 
contaminated areas of the river in excess of 30 µg/g. Incidences of 
abnormalities, e.g. skin lesions, cataracts, and fin erosion, in native 
fishes collected along the river increase at stations which are heavily 
contaminated. The bioavailability of PAH in the river has been demonstrated 
by analysis of resident oyster populations and through transplant studies. 
In the laboratory exposures of spot to contaminated sediments from the 
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Elizabeth River, dermal lesion and fin erosion similar to those in fish from 
the Elizabeth River were observed. Sections of the livers of the exposed 
fish showed clear cell foci which some consider to precede the appearance of 
neoplastic foci. Laboratory bioaccumulation studies exposing Rappahannock 
River oysters to 10 mg/1 of contaminated Elizabeth River sediments have 
resulted in equilibrium body burdens of total PAHs of 200 µg/g, with 
benzo(a)pyrene levels of 5 µg/g. In addition to very high levels of PAH, 
copper, lead, zinc, and mercury are also elevated, e.g. above other areas in 
the Bay in the Elizabeth River. The results of the study sited above 
indicate that the Elizabeth River provides a unique opportunity to 
investigate the potential impacts of PAH and metal contaminants on shellfish 
and finfish populations. 
The xenobiotic metabolizing enzyme system present in mammalian species 
has also been demonstrated in fishes. However, the rate of metabolism has 
been shown to be different for different fish species. Phase I 
biotransformation of xenobiotics that involves formation of oxidized 
products is followed by conjugate formation, the detoxifying mechanism for 
activated metabolites. Phase I reaction involves formation of epoxides, 
which form dihydrodiols in the presence of epoxide hydralase, or it can be 
conjugated. The dihydrodiols are furthur oxidized to form dihydrodiol 
epoxides, the ultimate carcinogens. The formation of DNA adducts with diol 
epoxides has been widely accepted to be a critical step in tumor initiation, 
which may be followed by other steps including promotion with several agents 
before tumor results. 
As the PAH are not genotoxic per se, it is necessary to show their 
bioavailability as well as their metabolic activation by fish enzymes for 
estimation of carcinogenic risk due to environmental pollution. An 
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environmental sample contains a complicated mixture of chemicals of diverse 
nature. If each chemical such as a PAH is considered to form between 5 to 
10 metabolites, a tremendously complicated mixture of metabolites is 
expected in bile from fish from polluted bodies of water. The use of high 
performance liquid chromatography {HPLC) was the prime choice for analysis 
of biliary metabolites. 
HPLC analysis of biliary conjugates of PAH metabolites 
Microbore columns have been reportedly used for highly efficient 
separation of a complex mixture, and in one report close to one million 
theoretical plates were obtained. Microbore columns are easy to string 
together by virtue of their low void volumes. Regular analytical columns 
perform similar to microbore columns, but because of the introduction of 
void volumes, their concatenation is not as effective. Microbore HPLC is 
considered to be a new horizon in chromatography and, as we and some other 
respected researchers have experienced, there are a number of difficulties 
in this procedure. The aim of this project was to develop chromatographic 
separation conditions and characterization of biliary PAH metabolites. The 
mass spectrometer used for interfacing microbore HPLC was also inefficient 
primarily because of low sensitivity. The project was eventually directed 
to analysis of metabolites by concatenated semi-analytical columns. The 
paragraphs below describe limitations of microbore HPLC and some of the 
advanc'ements we have made in analysis of PAH metabolites. 
The microbore columns with C-18 bonded silica phase, obtained from 
Alltech Associates, Scientific Glass Engineering and Phenomenex, had short 
lifetimes. High back pressures{> 5000 psi) with only one microbore column 
in the series ruled out any possibility of concatenation. For the lack of 
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enough demand on microbore columns, the manufacturers hesitated to invest 
their time and efforts in trouble-shooting. Isocratic elution of water-
acetonitrile mixture {80:20) was found to be the optimum operating condition 
{gradient elution of the mobile phase is not compatible with the present 
Perkin-Elmer HPLC pump system). It is hypothesized that constant exposure 
to high amounts of water could swell the silica packing material and 
eventually build up back pressures in the column. This effect could become 
more pronounced in the microbore columns {with the increased ratio of 
deteriorated packing to good packing). The optimum separation of conjugates 
of PAH metabolites in bile from oyster toadfish from the Elizabeth River 
{Station 217) was not any better than that obtained using analytical columns 
{Figures 1 and 2). 
Among the other method changes attempted, a gradient elution of 100% 
water to 100% acetonitrile in 3 hours was found to be optimum using two 
Perkin-Elmer HC-ODS analytical columns {Figure 2). A reasonably well 
resolved chromatogram was obtained for the biliary conjugates of PAH 
metabolites. The column performance, however, has slowly deteriorated over 
a period of one month {Figure 3). HPLC columns that would require a use of 
less water in the mobile phase, such as C-8 bonded silica columns, may 
provide an alternative without sacrificing the column life and its 
efficiency. 
HPLC studies involving the identification of some of the biliary 
metabolites of PAH are presently underway. In one experiment, the biliary 
conjugates of metabolites of PAH were enzymatically hydrolyzed using s-
glucuronidase. A comparison was made between the chromatograms obtained by 
using a mixture of benzo{a)pyrene metabolite standards and the hydrolyzed 
bile sample. Similar retention times indicated the presence of some of the 
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benzo(a)pyrene metabolites (Figure 4). It is not possible to identify 
metabolites in the bile sample by comp~ring retention times with the 
standards in gradient elution HPLC. A next step in this procedure would 
involve a technique of co-injection of standard metabolites with hydrolyzed 
bile sample. The hydrolyzed biliary conjugates of PAH metabolites would 
also be converted to the corresponding trimethylsilyl derivatives and 
analyzed using capillary gas chromatography. An experiment using 
fluorometric detection of the metabolites of naphthalene and benzo(a)pyrene 
in the presence of each other was carried out by following the procedures of 
Dr. Margaret Krahn. This procedure employs Aex= 305 nm and Aem= 340 nm for 
the detection of naphthalene metabolites andAex= 380 nm and Aem= 430 nm for 
the detection of benzo(a)pyrene metabolites. Under identical conditions, 
the peaks corresponding to naphthalene metabolites (Figure 5) were more 
intense than those corresponding to benzo[a]pyrene metabolites (Figure 6). 
A large number of peaks was obtained using the conditions for the detection 
of naphthalene metabolites. This suggested that the metabolites of PAH 
other than naphthalene, and which may fluoresce under these conditions, may 
also be present in the bile sample. The lower intensities of the peaks 
corresponding to benzo(a)pyrene metabolites (Figure 6) indicated that the 
concentration of these metabolites in the bile sample may be less than that 
of the naphthalene and other PAH combined. However, this close 
approximation is not indicative of the real situation because different 
metabolites may fluoresce at different wavelengths. A comparison with 
standards of the suspected metabolites would probably give much more 
accurate results. 
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Figure 6. Elizabeth River·oyster Toadfish Bile; 2 uL 
2 x Perkin Elmer Analytical Columns in Series 
Detector: Fluorometer (380 and 418 nm) for detection of BaP metabolites 
Mobile Phase: 100% Water to 100% Acetonitrile in 4 hours; 0.8 ml/min 
Direction of continuing research 
The following experiments will be performed as a continuation of this 
project: 
1. enzymatic hydrolysis of biliary conjugates; 
2. analysis of hydrolyzed bile by co-injection with standard 
metabolites; 
3. derivatization of hydrolyzed metabolites; 
4. analysis of derivatized metabolites by capillary GC/MS; 
5. intraperitoneal injections of solutions of common PAH in surface 
sediments from the Elizabeth River, Virginia, to fishes such as 
oyster toadfish, spot, croaker, and hogchoker; 
6. formation of a composite chromatogram from these studies to mimick 
the situation in the Elizabeth River; 
7. identification of some of the metabolite conjugates in bile from 
fish from the Elizabeth River; 
8. a possible quantitation of metabolites; and 
9. establish a relationship between the concentration of individual 
PAH in surface sediments and their bioavailability in terms of 
different metabolites. 
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PROJECT 7 
Early Warning System for Pollutants in Seafood 
Problem Description 
Chlorinated hydrocarbons are a ubiquitous class of chemicals which can 
be dangerous to public health and to estuarine organisms. The chlorinated 
hydrocarbons include PCBs, pesticides and industrial compounds. These 
chemicals may affect the reproductive processes and longevity of organisms 
which comprise Virginia's seafood resource. The Food and Drug 
Administration has recently lowered the action level for PCBs in seafood 
from 5.0 ppm to 2.0 ppm (ppm= parts per million). This act was an attempt 
to reduce the public health risk from these compounds. Until this project 
was initiated, Virginia's regulatory agencies had no monitoring program 
which could apprise them of the level of these compounds in its seafood. 
Objective 
The objective of this research is to provide baseline information on 
chlorinated hydrocarbon concentrations in Virginia's seafood. This 
information will be integrated with and supplement elements of on-going 
monitoring and research studies to produce a comprehensive monitoring 
program. Such a program will assist in ensuring that Virginia's seafood 
remains a strong, viable and wholesome resource. 
Approach 
The approach to accomplish this objective was to acquire seafood from 
wholesale distributors. This was to ensure a sampling of seafood available 
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to the general public. Since it was difficult to acquire commercial samples 
from the lower James River due to the Kepone fishing ban, samples collected 
by the State Water Control Board were used. With the exception of the State 
Water Control Board samples, there are no means to confirm the actual 
locations where the fish were caught. While the probability of source 
accuracy is high, the potential uncertainty must be kept in mind. 
All samples were analyzed with instrumentation specifically for 
chlorinated hydrocarbons, thus reducing the potential of false 
identifications. 
Findings 
One hundred sixty seafood samples have been analyzed for chlorinated 
hydrocarbons. These include samples of grey trout, bluefish, croaker, spot, 
flounder, hard crab and soft crab. The reported sources of the seafood are 
the upper Chesapeake Bay, Rappahannock River, York River, Back River, lower 
James River and lower Chesapeake Bay. 
Moderate levels of chlorinated hydrocarbon residues were found (less 
than 1.0 ppm) in samples collected between June and October of 1985 from the 
upper Chesapeake Bay, Rappahannock River, York River and Back River samples. 
By comparison, the lower Chesapeake Bay and lower James River samples 
contained significant levels in October and December of 1985. In the lower 
James River in October of 1985, 20% of the bluefish samples were equal to or 
exceeded the 2.0 ppm FDA action level. Thirty-three percent of the grey 
trout samples were equal to or exceeded 2.0 ppm. The average fish weight 
was 863 gms (1.9 lbs) and 1,090 gms (2.4 lbs.), respectively. In the lower 
Chesapeake Bay during October of 1985, 12% of the bluefish samples were 
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equal to or exceeded 2.0 ppm. The average fish weight was 1,907 gms (4.2 
lbs). 
Bluefish samples from the lower Chesapeake Bay in December of 1985 
contained higher levels of PCBs than the samples collected in October. 
Eighty-three percent of the bluefish samples were in excess of the 2.0 ppm 
action level. The average fish weight was 1,180 gms (2.6 lbs.). 
Components of the pesticide chlordane were also found in bluefish 
samples from the lower Chesapeake Bay in October and December. The FDA 
tolerance level for chlordane is 300.0 ppb (ppb = parts per billion). 
Concentrations found in October and December were approximately one half 
this value. It should be noted that chlordane is currently available for 
commercial and private use for termite control. 
Relevance to Management of Resources 
The results of this research indicate that significant levels of PCBs 
(greater than 2.0 ppm) and chlordanes (greater than 150.0 ppb) were found in 
bluefish and grey trout taken from the lower James River and lower 
Chesapeake Bay during the fall of 1985. Detailed analysis of the 
compositions of the PCBs in the October samples from the lower Chesapeake 
Bay are very similar to the compositions of the PCBs in the October samples 
from the lower James River. This suggests that the fish from the lower 
James River were migrating into the lower Chesapeake Bay. The lower James 
River area may require an assessment of point and non-point sources of PCBs 
and chlordanes. 
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Continuing Effort 
Additional focus will be placed on the lower James River and lower 
Chesapeake Bay area in the next two years. A more detailed characterization 
of the chlorinated hydrocarbons in seafood from these areas is needed. 
Additional species of seafood will also be analyzed to determine trends in 
concentrations of chlorinated hydrocarbons with time. 
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PROJECT 8 
Submerged Aquatic Vegetation Initiative 
Problem Description 
Submerged aquatic vegetation (SAV) is an important natural resource of 
the Chesapeake Bay and the Commonwealth of Virginia. It is valuable since 
SAV beds can serve as an important food source for overwintering waterfowl, 
reduce shoreline erosion by baffling wave action, provide a nursery area for 
juvenile blue crabs and a habitat for many smaller animals which in turn are 
preyed upon by other larger commercially and/or recreationally important 
species. Lush stands of vegetation formerly covered many shallow water 
areas in the lower reaches of the Potomac, Rappahannock, Piankatank and York 
rivers as well as the shorelines of the Bay itself. Today, particularly 
along the western shore and its tributaries, only a fraction of these once 
extensive meadows remain. 
Although the waters of the Chesapeake Bay, particularly in the 
shallows, can get quite warm in the summertime (30°C), the Chesapeake Bay is 
still considered a temperate estuary. This is due principally to the 
relatively cold winters which preclude the establishment of more tropical 
species in this region. Unfortunately, due to this naturally wide 
fluctuation in conditions, Virginia's Bay waters with their high salinities 
are not suitable for many species of submerged grasses. One species of 
marine grasses which has been able to successfully establish itself here is 
eelgrass. It is a valuable species found at many locations along the Bay 
and sounds of the Atlantic coast of the U.S. north of Virginia and is 
particularly abundant in New England where it flourishes in the cool waters. 
Virginia's waters are near the southern limit of its range. Thus, under 
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what would be considered even normal conditions in Virginia, beds of 
eelgrass can be highly stressed. Additional stresses, such as that of 
increased turbidity due to non-point source runoff, can therefore have 
dramatic effects on the vegetation. Once the grasses have disappeared, 
natural revegetation may be extremely slow. 
The SAV Initiative was developed because of the dramatic and 
unprecedented decline of SAV in all sections of the Bay during the last 15 
years. The decline is related to the reduction of water quality conditions 
in the Bay, especially those that affect the quantity and quality of light 
reaching the plant surface. Implicated factors include nutrients which can 
potentially stimulate not only phytoplankton growth but also that of the 
smaller plants growing on the leaf surface, and suspended sediments which 
can reduce light transmission. 
Objectives 
The objectives of this project are: 1) to replant submerged grasses in 
areas of Virginia's tidal waters that once supported dense beds of 
vegetation; 2) to determine the factors that limit and control the 
distribution and abundance of SAV in the lower Chesapeake Bay; and 3) to 
provide quantitative criteria necessary for development of management 
strategies relative to SAV conservation and enhancement. 
Approach 
Assisted by volunteer groups, SAV beds are transplanted into areas in 
different river systems that formerly contained extensive stands of the 
vegetation. Plant growth and survival as well as site characteristics in 
selected representative areas are monitored. Relationships between plant 
217 
productivity and site quality are developed using both statistical and non-
linear feedback modeling techniques. 
Findings 
Transplantation experiments have determined that early fall is the 
optimum time for replanting SAV in Virginia's tidal waters. Summertime in 
this region with its high water temperatures is the most stressful period 
for submerged grasses. Therefore, the longer the period between 
transplantation and the summer, the better the chances for survival of the 
vegetation. 
Vegetation transplanted during the fall of 1984 in the York River 
survived with varying success (Fig. 1). At Gloucester Point, the site 
closest to areas of vegetation which did not decline during the early 
1970's, a 60% survival rate was demonstrated. However, at the next upriver 
site (Mumfort Island) all the plantings declined by the following September, 
while further upriver at Claybank all the plantings declined by July. This 
suggests a gradient in conditions exists, with more limiting conditions 
occurring as distance upriver increases. 
Eelgrass transplanted in the fall of 1984 into river systems other than 
the York River had some notable, long-term successes. "In the East River in 
Mathews County 100% of the vegetation survived and spread significantly by 
the fall of 1985. In the Piankatank River at Burton Point at least 50% of 
the 1984 plantings can be identified in 1986. Several of the plantings were 
disturbed by a severe, hurricane-like storm that occurred on November 4, 
1985. Significant scouring was also observed in naturally occurring 
eelgrass beds in many areas. Subsequent recolonization of the scoured areas 
has been observed to occur not only by vegetative rhizome growth but also 
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through seed ~ermination. It is this seedling process that we hope to more 
fully investigate in 1986. 
Over 15 acres of eelgrass were transplanted into 11 sites in four river 
systems (York, East, Piankatank, Rappahannock) in the fall of 1985. 
Survival rates of the individual transplants at the sites as of June 1986 
ranged from 10 to nearly 75%. Growth at some areas has been phenomenal. At 
the Belle Isle site in the Rappahannock River each individual transplanted 
plug has expanded an average 100-fold. In the Piankatank River at Burton 
Point the expansion has been measured at SO-fold. A number of small 
experimental transplantings were made into areas that, while formerly 
containing vegetation, we felt were only now marginally acceptable due to 
reduced water quality. It is at these sites that, through intensive 
monitoring, we hope to better understand the factors limiting the SAV 
growth. 
A study of the production of eelgrass transplanted into an area of the 
York River that currently supports vegetation (Gloucester Point) and an 
upriver area that formerly but no longer supports stands of vegetation 
(Claybank) has been undertaken. Results indicate a bimodal, annual pattern 
of plant production (Fig. 2) with significantly higher production levels 
during only the spring and fall at the downriver, Gloucester Point site. 
Thus, although plants transplanted into the upriver site decline completely 
during the summer, their failure to persist is likely due to poor growth 
during the spring and fall. It is these periods when the plants have to 
maximize their reserves in order to make it through the stress of summertime 
high temperatures. 
Water column nutrients which are monitored bi-weekly at the transplant 
sites, while significantly higher during the winter at non-vegetated areas, 
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show little significant difference during the spring when the greatest 
'differences in growth are occurring (Fig. 3). Turbidity (cloudiness of the 
water), defined in this case as diffuse attenuation coefficient (K), shows 
distinctly higher levels at the upriver Claybank site (Fig. 4). This is 
particularly evident during the critical spring growth period. The largest 
single factor contributing to this turbidity is suspended inorganic matter. 
Phytoplankton, measured by chlorophyll abundance, generally contributes less 
than 15% to this attenuation coefficient (Fig. 5). Thus, the data suggest 
that a gradient of decreasing light penetration with distance upriver during 
the spring growing season may be responsible for poor SAV survival through 
the sumer. 
Other factors such as the growth of small plants and animals 
(epiphytes) on the leaves of the transplanted vegetation are currently being 
investigated. Figure 6 illustrates the relative magnitudes of light 
attenuation on leaves of transplants at two sites due to the water column at 
1 met~r depth (Kw); the phytoplankton in the water column (Kc); and the 
loadings of epiphytes on the leaves (Ke). 
A,computer simulation model has been developed to serve as a research 
organi~ational tool and to provide a method for evaluating the effects of 
variable water quality on eelgrass growth and long-term survival. The 
emphasis in model analyses to date have been on evaluating the effects of 
altered submarine light conditions and the potential effects of fouling 
(growt~ of small plants and animals) on the leaves of eelgrass. Data input 
to the "model for the various simulations has come from our monitoring 
,· 
studies at the York River transplant sites. 
Mo~el simulations indicate that submarine light intensity and 
temperature are the principal physical factors that govern eelgrass growth.· 
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For lower Chesapeake Bay, these two variables determine both the 
distribution and abundance of natural grassbeds. However, relatively small 
decreases in the amount of light the plants receive result in significantly 
decreased plant growth with eventual die-back and loss of the vegetation. 
These simulations parallel quite well our field observations. 
Relevance to Management of Resources 
This Initiative project is one of the few where we cannot only achieve 
notable successes in replanting a dwindling natural resource into barren 
areas, but also through careful studies quantify the factors that are 
limiting natural recovery. Additionally, the work will allow us to focus 
management strategies on areas where we can expect the greatest positive 
response for our monetary investment. 
Continuing Effort 
An anticipated 15 acres of barren bottom will be transplanted with 
eelgrass in the fall of 1986. Several million viable seeds which were 
collected from established beds in the spring of 1986, just before their. 
normal,dispersal period, are being incubated in running seawater tanks at 
VIMS. The testing of the use of seeds as a transplanting option will begin 
this fall. A prototype mechanical seed planter is under construction, and 
its performance will be evaluated. Monitoring studies will continue with 
special emphasis given to patterns and rates of epiphyte fouling, sediment 
nutrient regimes, and submarine light measurements. Data from the 
Chesapeake Bay water quality monitoring program will be accessed and used in 
our transplant evaluations. Greenhouse facilities are being refurbished 
through donation of private funds, with the goals of not only attempting to 
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develop seedling stock for transplanting but also of conducting controlled 
experimental studies investigating the interactive effects of light, 
nutrients, epiphytes and temperature on eelgrass growth and survival. 
Further refinements to the model will be to include the effects of variable 
nutrient concentrations and to incorporate data made available by our 
controlled greenhouse studies. 
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PROJECT 9 
Oyster Hatchery and Remote Setting Operations 
Problem Description 
The oyster industry in Virginia has suffered a drastic decline in 
production over the last 35 years despite annual repletion and transplanting 
programs. This decline in production has been blamed on a number of factors 
by various experts. Perhaps the most commonly agreed upon factor has been 
the outbreak of oyster diseases such as Minchinia nelsoni and Perkinsus 
marinus. Other factors contributing to the decline may be the deterioration 
of overall water quality within the Bay, influx of man-made toxic chemicals 
and overfishing. The true reason might well be a combination of these and 
other factors. 
At the present time there are over 7,000 man-made organic chemicals 
found in nature. The chemistry department of VIMS commonly monitors about 
400 of these chemicals in water samples from the Bay. Despite the fact that 
juveniles and adults survive in the chemically-tainted water, it is 
suspected that sub-lethal loads of chemicals often prevent gametogenesis or 
embryogenesis of species which have external (in the water column) 
fertilization and development. 
To further compound industry's problem, Virginia oyster packers are now 
importing oysters from other states, including the Japanese oyster from 
Washington, for resale to their customers. Estimates run to about 300,000 
gallons of imports for resale. It may be only a matter of time before these 
out-of-state suppliers bypass the Virginia packers and ship directly to 
their customers. 
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If the Virginia oyster industry is to prosper, it is time to try some 
new and innovative methods. Continuing with present methods may result in 
further decline of this industry. 
Objective 
This effort is designed to provide an approach to stimulating oyster 
production in Virginia's waters, which has not been satisfactorily utilized 
thus far. 
Approach 
We are engaged in the establishment of an oyster hatchery and 
procedures for production of eyed larvae for remote setting by oystermen. 
The goals of the hatchery effort are 4-fold: 1) to test the feasibility of 
supplementing natural oyster production with a production hatchery; 2) 
to evaluate the cost of remote setting oyster spat and compare to the costs 
of traditional shell planting and seed harvesting, 3) to test the 
feasibility of improving oyster stocks by spawning stock selection; and 4) 
to test new methods of protecting, hardening, and growing ~pat to a size 
adequate for transplanting to growing areas. 
Accomplishments to Date 
a) Facilities Construction and Production 
An existing building on the Gloucester Point campus was converted into 
a production-type hatchery. A pump house and pipe chase were constructed 
and a dual seawater system with replicate pumps, plumbing and drains was 
established throughout the hatchery. Tanks, troughs and water treatment 
equipment were installed, and by September 1985 the system was tested and 
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found to be free of toxins. Though it was late in the season, between 
15 September and 19 December, seven groups of oysters were spawned, 
producing 8 million oyster larvae. Two of these groups were allowed to set, 
and five groups were used for larval behavior and toxicological experiments. 
On 15 February the first spawning of 1986 was accomplished. The 
oysters had been collected and placed in our own conditioning system where 
they were ripened before the normal season and spawned at least four months 
early. Production to date is: 
60 million larvae at various stages for inhouse experiments 
18.6 million eyed larvae produced to industry representatives 
3.1 million eyed larvae set for inhouse experiments 
19,300 oyster spat provided to industry representatives. 
b) Extension Service 
VIMS marine extension agents have met with approximately 16 individuals 
and representatives of one co-op group to explain the remote setting 
process. Arrangements have been made with those individuals for cooperative 
tests or demonstrations of this method. Thus far setting has been 
accomplished for six individuals at their respective sites. 
For on-site setting we have constructed two trailer~mounted portable 
tanks that are completely self contained. We pull these to the user's dock, 
fill the tank with Bay water at his property, fill the shell bags with his 
shells and set a batch of eyed larvae at the site. The user needs only to 
furnish an invitation, an electrical outlet for an aerator and about 50 
bushels of shells. Seventy-two hours after the eyed larvae are placed in 
the tank with the shells, the tank is drained and the shell bags can be 
placed on a hard bottom or hung off his dock to ·harden. The oysterman can 
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then evaluate the method and decide after this demonstration whether he 
wants to pursue this method any further. 
At the present time we are running slightly behind schedule. 
c) Post Set Hardening and Nursery 
Only a limited amount of information is in the literature concerning 
the survival of post set oysters. From the time oysters set until they are 
big enough to transplant, they grow from the size of a period(.) until they 
are about 3.4 of an inch in length. During this time they are preyed upon 
by natural predators, smothered, poisoned and suffer through many of the 
difficult environmental factors found in an estuary. A program to develop 
techniques to improve survival has been underway since February. 
Two hundred shell bags have been filled and plac:ed in a setting tank 
with eyed larvae using the same techniques that will be used commercially. 
A set of 10 to 15 spat per shell was allowed to catch, equivalent to 3,000 
to 4,000 spat per bushel. The bags have been divided among a raft, beach 
pallets, a hard shell bottom, hanging from a pier and hanging from a 
bulkhead. About half the bags are placed intertidally, th~ rest placed 
subtidally. These are monitored to find what kills spat at various size 
ranges, which protection methods reduce mortality and what is the best size 
at which to transplant for best return on investment. 
In addition to the above experiment, mini cultch (fragments of oyster 
shell) and French tubes (grooved rubber tubes)· are also being tested as 
substrates. 
Laboratory and field tests of predation rates for various predators are 
also underway. 
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In addition to these experiments, shell cultch for this year's and next 
year's experiments has been trucked to the hatchery area and is being 
conditioned to serve as a suitable substrate. 
d) Staff 
The hatchery is now fully staffed by four full-time employees. 
Relevance to Management of Resources 
This program will evaluate using remote setting of hatchery-reared 
oysters to supplement the harvest of natural oyster seed. It will evaluate 
the benefits of using selected brood stock to develop selected lines of 
oysters. It will also develop and evaluate new methods of growing oyster 
spat to seed size large enough for planting. The costs and benefits of this 
method will be compared to the costs and benefits of traditional oyster 
culture methods. 
Continuing Effort 
The production of eyed larvae and set spat will continue with a target 
of 500,000,000 eyed larvae for calendar year 1986. 
Eight further demonstrations of remote setting are planned for the 
oyster industry this summer, and 14 demonstrations are tentatively planned 
for the fall. This will fully address all current inquirie.s from the oyster 
industry. 
A continual upgrading of techniques and equipment in the hatchery will 
improve the eyed larval production to a scale that could have a significant 
impact .on the industry. 
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Agency: VIRGINIA INSTITUTE OF MARINE SCIENCE 
Initiative CHESAPEAKE BAY RESEARCH - SUMMARY 
Expend. 
1984-8S 1985-86 4/1/86-
Expend. Expend. 6/30/86 
Personal 
Services $405,062 $ 687,485 $ 206,866 
Nonperson al 
294,938 312,515 102,830 Services 
-· 
.. . . . -
$ 700,000 $1,000,000 
J/ 
~ 309,696 
* Amount whie,h will be reverted to the General Fund. 
Date: .July 18, 1986 , 
Paul V. Koehly, Associate Director 
Preparer: for Finance and- Administration 
Reversion* Carry-over** 
6/30/86 to 1986-88 
$ -0- $ -0-
-0- -0-
$ -0- $ -0-
** Report as carry-over to 1986-88 if approved by ·the Department of Planning and Budget. 
Note: 1984-86 expenditures plus anounts to be reverted or carried over should equal the total biennial 
appropriation. Pleas~ explain any discrepancies. 
J:./ Does not include VIMS' support, $39,103. 
Agency: VIRGINIA INSTITUTE OF MARINE SCIENCE Date: ______ ~J~u~l~y_l_8~,~1~9_8_6 ___ ,,__ ____ ~--~ 
Initiative 
STUDY 1: 
CHESAPEAKE BAY RESEARCH Preparer: 
Paul V. Koehly, Associate Director 
for Finance and Administration 
Revitalization of the James River Seed Oyster Industry!/ 
Expend. 
1984-85 1985-86 4/1/86- ReVersion* Carry-over** 
Expend. Expend. 6,:'30/86 6/30/86 to 1986-88 
Personal 
Services $ 246,066 $ 411,091 $ 134,456 $ -0- $ -0-
Nonpersonal 203,437 165,849 49,196 -0- -0-Services 
-· .... . . . -
2/ 
$ 449,503 $ 576,940- $ 183,652 $ -0- $ -0-
,* Amount which will be reverted to the General Fund. 
** Report as carry-over to 1986-88 if approved by ·the Department of Planning and Budget. 
Note: 1984-86 expenditures plus am:>unts to be reverted or carried over should equal the total biennial 
appropriation. Please explain any .discrepancies. · 
1/ Includes projects 1, 2, 3, 4A, 4B, 4C, 4D as identified in the Institute's Initiative Revised Plan, 9/84. 
]:_/ Does not include VIMS' support, $22,560. 
Agency: VIRGINIA INSTITUTE OF MARINE SCIENCE 
Initiative CHESAPEAKE BAY RESEARCH 
STUDY 2: Factors Effecting Recruitment of Virginia's Critical 
Expend. 
1984-85 1985-86 4/1/86-
Expend. Expend. 6/30/86 
Personal 
Services $ 76,756 $ 96,998 $ 29,470 
Nonpersonal 
6,347 59,710 30,553 Services 
$ 83,103 $ 
2/ 
156, 708- ~ 60,023 
* , Amount which will be reverted to the General Fund. 
Date: July 18, 1986 
Paul V. Koehly, Associate Director 
Preparer: for Finance and Administration 
Finfish Population 1./ 
Reversion* Carry-over** 
6/30/86 to 1986-88 
$ -0- $ -0-
-0- -0-
$ -0- $ -0-
** Report as carry-over to 1986-88 if approved by 'the Department of Planning and Budget. 
Note: 1984-86 expenditures plus axrounts to be reverted or carried over should equal the total biennial 
appropriation. Pleas~ explain any discrepancies. .· 
);_/ Includes projects 5 and 6 as identified in the Institute's Initiative Revised Plan, 9/84. 
'l:_/ Does not include VIMS' support, $6,128. 
Agency: VIRGINIA INSTITUTE OF MARINE SCIENCE 
Initiative CHESAPEAKE BAY RESEARCH 
1/ 
STUDY 3: Chemical Poi$ons in Virginia's Tital Waters-
Personal 
Services 
Nonpersonal 
Services 
1984-85 
Exeend. 
$ 82,240 
85,154 
-· . . . . -
$167,394 
1985-86 
Expend. 
$179,396 
86,956 
$ 266, 352:!:./ 
Expend. 
4/1/86-
6/30/86 
$42,940 
23,081 
$66,021 
* Amount which will be reverted to the General Fund. 
Date: July 18. 1986 , 
Paul V. Koehly, Associate Director 
Preparer: for Finance and Administration 
Reversion* Carry-over** 
6/30/86 to 1-986-88 
$ 
-0- $ 
-0-
-0- -0-
$ 
-0- $ -0-
** Report as carry-over to 1986-88 if approved by ·the Department of Planning and Budget. 
Note: 1984-86 expenditures plt.1s ~ts to be,reverted or carried over should equal the total biennial 
appropriation. · 
0
Pleas~ explain any discrepancies. 
!/ Includes projects 7 and 8 as identified in the Institute's Initiative Revised Plan, 9/84. 
'l:_/ Does not include VIMS' support, $10,415. 
Ag ency: VIRGINIA INSTITUTE OF MARINE SCIENCE 
Initiative SUBMERGED AQUATIC VEGETATION 
Expend. 
1984-85 1985-86 4/1/86-
Expend. Expend. 6/30/86 
Personal 
Services $62,155 $ 65,250 $ -0-
Nonpersonal 12,845 9,750 ·-0-
Services 
-- --- . . 
1/ 2/ 
$ 75 ,oocr $ 75 ,ooo- $ -0-
* Amount which will be reverted to the General Fund. 
Date: Julz 18, 1986 , 
Paul V. Koehly, Associate Director 
Preparer: for Finance and Administration 
Reversion* Carry-over** 
6/30/86 to 1986-88 
$ -0- $ -0-
-0- -0-
$ -0- $ -0-
** Report as carry-over to 1986-88 if approved by ·the Department of Planning and Budget. 
t--."ote: 1984-86 expenditures plus arrounts to be reverted or carried over should equal the total biermial 
appropriation. Pleas~ explain any discrepancies. 
!/ Does not include VIMS' support, $85,453. 
II Does not include VIMS' support, $105,226. · 
Agency: VIRGINIA INSTITUTE OF MARINE SCIENCE 
Initiative OYSTER HATCHERY - OPERATING 
Expend. 
1984-85 1985-86 4/1/86-
Expend. Expend. 6/30/86 
Personal 
Services $ 
-0- $ 101,372 $ 37,357 
Nonpersonal 
-0- 48,628 16,442 Services 
-· --· . . . .. 
$ -0- $ 150,000 $ 53,799 
* Amount which will be. reverted to the General Fund. 
Date: July 18, 1986 , 
Paul V. Koehly, Associate Director 
Preparer: for Finance and Administration 
P.ewrsion* Carry-over** 
6/30/86 to 1986-88 
$ 
-0- $ -0-
-0- -0-
$ -0- $ -0-
** Report as carry-over to 1986-88 if approved by ·the Department of Planning and Budget. 
Note: 1984-86 expenditures plus airounts to be reverted or carried over soould equal the total biennial 
appropriation. Pleas~ explain any discrepancies. 
Agency: VIRGINIA INSTITUTE OF MARINE SCIENCE 
Initiative OYSTER HATCHERY - NON-OPERATING 
Expend. 
1984-85 1985-86 4/1/86-
Expend. Expend. 6/30/86 
Personal 
Services $ -0- $ -0- $ -0-
Nonpersonal 18,428 124,129 7,071 Services 
-· .. . . . 
$18,428 $124,129 $ 7,071 
* Amount which will be reverted to the General Fund. 
Date: July 18, 1986 . 
Paul V. Koehly, Associate Director 
Preparer: for Finance and Administration 
Reversion* Carry-over** 
6/30/86 to 1986-88 
$ -0- $ -'0-
-0- 46,443 
$ -0- $46,443 
** Report as carry-over to 1986-88 if approved by ·the Department of Planning and Budget. 
Note: 1984-86 expenditures plus arrounts to be reverted or carried over should equal the total biennial 
appropriation. Pleas~ explain anr discrepancies. 
